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SPEKTROSKOPISCHE STUDIEN AN ..TRANS-FIXIERTEN” 
8-DIKETONEN UND AN CYCLISCHEN 
MALONSAURE-ESTERN 


B. Eistert und F. Geiss 
Institut fiir Organische Chemie der Universitat des Saarlandes, Saarbriicken 


(Received 11 January 1959) 


Es wird der IR- und UV-spektroskopische Nachweis der Abhangigkeit des 
|-Enolat-Gleichgewichts vom pH fir 


Cyclische Malonsaure ester vom 


Zusammenfassung 
Keto—Enol-—Gleichgewichts vom Lésungsmittel und des Eno 


,,trans-fixierte” /-Diketone vom Typus des Dimedons bestatigt 
rypus der Meldrum-Saure (/sopropylidenmalonat) sind in festem Zustand und in OH-gruppenfreien 
Solventien nicht enolisiert: in Methanol wurde nur die UV-Bande des Enolat-Anions gefunden, die 
bei V erringerung des pH-W ertes reversibel verschwindet, ohne dass eine der undissoziierten Enolform 
zuzuordnende Bande auftritt. Einer Hypothese, dass das Keto—Enol-Gleichgewicht ,,trans-fixierter” 
}-Dicarbonylverbindungen l6sungsmittel-unabhangig sei, wird auf Grund experimenteller Gegenbe- 


weise widersprochen 


Abstract—IR and UV spectra have confirmed that in “trans-fixed” /-diketones of the dimedone 
(methone) type, keto—-enol-equilibrium depends on the solvent, and the enol-enolate-equilibrium on 
the pH. Cyclic malonic esters of the type of Meldrum’s acid (isopropylidene malonate) are not 
enolized either in the solid state or in solvents free of OH-groups; in methanol only the UV band of 
the enolate anion was found, which on diminishing the pH disappeared reversibly without the appea- 
rance of band associated with the undissociated enol form. An hypothesis that keto-enol-equilibrium 
of “trans-fixed"’ /-dicarbonyl compounds is independent of the solvent has been disproved 


experimentally 


Die von Meldrum! durch Kondensieren von Ma/onsdure mit Aceton in einem Gemisch 
Schwefelsiure und Acetanhydrid erhaltene farblose Verbindung vom 


aus konz. 
Schmp 96°, der er wegen ihrer sauren Natur die | ormel | einer /-Lacton-carbonsdure 


1 A, Meldrum, J. Chem. Soc. 93, 593 (1908). 
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B. Erstert und F. Getss 


zuerteilte, wurde von Davidson und Bernhard? eindeutig als cyclischer Ester der 
Malonsiiure, Ila, erkannt. Die verhiiltnismissig hohe Aciditat dieses lsopropyliden- 
malonats erklarte man, wie die des analogen carbocyclischen Dimedons \\1 a damit, 
dass derartige ,,trans-fixierte” /-Dicarbonylverbindungen*® in OH-gruppenhaltigen 
Lésungsmitteln, wie Wasser oder Methanol, weitgehend enolisiert seien; die Enol- 
formen II b bzw. III b ihrerseits seien weitgehend in H* und Enolat-Anionen dis- 
soziiert. weil hier. im Gegensatz zu den Enolformen ..cis-fixierter” oder .,frei-dreh- 
barer” §-Dicarbonylverbindungen, das Enol-Proton nicht durch Chelatisierung 
(z.B. gemiss [V) festgehalten wird 

Wir haben uns in Weiterverfolgung der friiher* mitgeteilten Versuche und 
Uberlegui gen seit 1955 eingehend mit , Veldrums Siure’’ und analogen Verbind- 
dungen beschiftigt? und teilen hi ‘ini 


ge Ergebnisse mit, zumal sich inzwischen auch 
andere Arbeitskreise” d n -hiet zugewandt haben. Insbesondere kondensierten 
wir Malonsiure und an det -Gruppe substituierte Malonsiuren mit eimigen 
alicyclische ‘tonen. bei lonsdure-spiro-cycloalkyliden- Ester vom Typus 


entstanden 


Wir werden iiber die Herstellung und eine Reihe chemischer Umsetzungen von 
Meldrums Siure Il und ihren spiro-Analogen V an anderer Stelle berichten. Hier 


sollen nur IR- und UV-spektroskopische Befunde mitgeteilt und diskutiert werden, 


im Zusammenhane mit einer Publikation, die kiirzlich in dieser Zeitschrift 


erschien.’ allgemeineres Interesse finden konnten 


Kabachnik und Mitarbeiter? haben im Rahmen ihrer Publikation u.a. auch 
UV-Spektren von -Methyl- und C-Athylmalonsidure- sopropylidenester, also von 
C-Monoalkylderivaten vor nitgeteilt und sie zur Stiitzung ihrer Hypothese 

das t 10! ichgewicht ,,trans-fixierter” /-Dicarbonylverbin- 


dungen lésungsmittel-unabhdngig se Diese Hypothese steht im Widerspruch zu 


D. Davidson und , 342 ey 74, 


R. Beckmann und G. Tor 
5. (1944) 


Vauk SSSR 29, 206 (1940): 30, 812 (194 


Russ. 20, 425 (1950) 


2 
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B. t und W. Reiss, Chem. Ber. 87, 92 (1954) 
ag F.G D D Disse tion Sa cken 1958 
ak H. R. Snyder und C. W. Kruse, J. Amer. C) .) 80, 1942 (1958); P. J. Scheuer und 5. G. Coher aS 
ee M. I. Kabachnik. S. T. Yoffe und K. V. Vatsuro, Tetrahedron 1, 317 (1957) eka 
gai * A. Kandiah, J. Chem. Soc. 1226 (1932) oe 
Ot. inn. 401. 159 (1913): O. Die nies, /hid. 439, 76 (1924) 
ia Michael und J. Ross, J. Amer. Chem. Soc. § 
Wulfsson und M. Schemjakin, Dok/. Akad. |); J. Aligem 
Chem. Russ. 20, 425 (1950) 
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Spektroskopische Studien an ,,trans-fixierten” /-Diketonen 
unseren Experimenten*:* und zu denen anderer Arbeitskreise."2 Um dies zu begriinden, 


miissen wir zundachst kurz auf die Alteren und einige neue [R- und UV-spektrosko- 
pische Befunde am Dimedon und an seinem spiro-Analogen VI eingehen. 


Das IR-Spektrum des festen spiro-5,5-Pentamethylen-cyc/ohexan-dions-(1,3) VI 


zeigt sowohl bei der Aufnahme als K Br-Pressling (s. Abb. 1) wie auch in lripenund 


avenumber 


4000 3000 


3 
Wavelength 


Ans. |. Ausschnitt aus dem IR-Spektrum des 5-5-spiro-Pentamethylen-cyc/ohexan- 
dions-(1 3) Vi (KBr Pressling) 


12 R. S. Rasmussen, D. D. Tunnicliff und R. R. Brattain, J. Amer. Chem. Soc. 71, 1069 (1949): L. A. 
Duncanson, J. Chem. Soc. 1207 (1953) 
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4 B. Esstert und F. Geiss 


Paraffin-mull ausser CH-Banden bei 3,36 und 3,45 « eine Reihe kleiner Maxima 
zwischen 3.6 und 4,1 u. Diese sind nach Rasmussen und Mitarbb,"* die CHCIl,- 
Lésungen von Dimedon III gemessen haben, enolischen OH-Gruppen zuzuschreiben, 
deren Frequenz infolge zwischenmolekularer Assoziation mit CO-Gruppen benach- 
barter Molekeln ihnlich stark (und in mehreren verschiedenen Betragen) verschoben 
sind wie die von OH-Gruppen fester Carbonsiuren, die bekanntlich™ ebenfalls einen 
breiten Absorptionsbereich mit kleinen Spitzen im gleichen Gebiete besitzen. Ausser- 
dem findet man in Abb. | zwei starke Banden bei 6,2 und 6,3 «4, die fiir x,p-ungesat- 
tigte Ketone charakteristisch sind. Die spiro-Verbindung VI liegt also, ebenso wie 
das Dimedon. im festen Zustande als Enol-Form (analog Lib) vor In Chlorotorm- 
Lésung tritt beim Dimedon ausset den genannten Banden noch eine Doppelbande 
mit Spitzen bei 5,80 und 5.875 « auf. woraus zu schliessen ist,’’ dass die Lésung 
neben der Enolform IIb .,a good proportion” der Diketo-Form III a enthalt 

Tatsiichlich ergaben Messungen von Werner™ am 3-3-5-5-Tetra-methyl-cyclo- 
hexan-dion-(1-3)VII, das nicht enolisieren kann, ebenfalls eine Doppelbande bei 
5.78 bzw. 5.875 u und keine Banden zwischen 3,6 und 4,1 4 

Der Nachweis. dass ..trans-fixierte’ /-Diketone, die im festen Zustande als 
Enole vorliegen, in hydrophoben Solventien ketisieren, wurde auch UV-optisch 
erbracht.* Lést man die spiro-Verbindung VI in n-Heptan, dann findet man bel 
raschem Arbeiten u.U. noch ein Maximum geringer Héhe, doch verschwindet dieses 
nach kurzer Zeit: Es bildet sich aus der hydrophilen Enol- die hydrophobere Diketo- 
Form. Das Keto—Enol-—Gleichgewicht der trans-fixierten -Diketone vom lypus 
VI und III ist also stark vom Lésungsmittel abhingig, und zwar umgekehrt wie das 
der ..cis-fixierten” und der ..frei-drehbaren” /-Diketone, bei denen die Enol-Form 
gemiiss IV chelatisieren kann und dadurch hydrophober als die Diketo-Form wird."” 

In OH-gruppenhaltigen Lésungsmitteln (Wasser, Methanol, Athanol) lésen sich 
_trans-fixierte’” §-Diketone oder VI ohne merkliche Ketisierung Man findet 


jedoch, abhiingig vom pH-Wert des Lésungsmittels, eine Aurvenschar, die recht genau 


durch einen isoshestischen Punkt geht. Beim Dimedon III, dessen Aciditatskonstante 
(Px 5.2) von der gleichen Gréssenordnung ist wie die be! UV-optischen Messungen 
heniitzten Konzentrationen (ca. 10-* bis 10-° molar), ist die Kurve, infolge mehr 
oder weniger grosser Dissoziation der Enol-Form konzentrationsabhingig.* Abbil- 
dung 3 zeigt UV-Absorptionskurven der Verbindung VI in ,,saurem” (d.h. Spuren 
HCI enthaltendem). in ..zewdhnlichem” und in ,,basischem” (d.h. eine Spur Alkali 
enthaltendem) Methanol. Die ,,Enolat’’-Bande liegt erwartungsgemiss bei langeren 
Wellen und ist auch hdher als die ,.Enol”’-Bande; in ,,gewShnlichem” Methanol, in 
welchem cin Gemisch von Enol und Enolat vorliegt, ist die Bande breiter und tiefer, 
geht aber nahezu durch einen gemeinsamen isosbestischen Punkt 

Wir untersuchten nun die cyclischen Malonsdureester Ul und V nach den gleichen 
Methoden 

Das im KBr-Pressling oder in Tripen-Mull aufgenommene IR-Spektrum von 
Meldrums Siiure IL, zeigt, wie inzwischen von anderer Seite*® mitgeteilt wurde, ebenso 
wie die von uns aufgenommenen IR-Spektren von Verbindungen von Typus V (s. 


*M. St tt %2 (1951): M. L. Josien und N. Fuson, C. R. Acad. Sci., Paris 235, 
1025 (1952) M. Davies und G. B. B. M. Sutherland, J. Chem. Phys. 6, 755 (1938) 

M Zitiert bei stert und W. Reiss, Chem. Ber. 87, 102 (1954) 

N,V. Sidewick, J. Chem. Soc. 907 (1925) 


= 
— 
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Spektroskopische Studien an ,,trans-fixierten” /-Diketonen 


Abb. 2) zwischen 3,6 und 4,2 uw keine Banden, dagegen eine extrem kurzwellige 
Doppelbande bei 5,60 und 5,68 4. Diese cyclischen Ester der Malonsiure liegen also 
im festen Zustande in der ,,Diketo”-Form II a vor, d.h. als nicht-enolisierte Ester 
bzw. d-Lactone (Gesiittigte 6-Lactone besitzen eine Bande bei 5,75 «*®). Auch in 
CHCI,- und Tetrahydrofuran-Lésung fanden wir nur die CO-Doppelbande. 


Wavenumpber 


2000 


Wavelength 
t aus dem I R-Spek 
(KBr-Pre 


Erwartungsgemiss zeigte sich auch in den UV-Spektren von Hexan-Lésungen der 
cyclischen Malonsiureester keine Enol-Bande 

Als wir jedoch Meldrums Siure II oder ihre spiro-Analogen V in Me thanol losten 
fanden wir, wenn iiberhaupt, stets ein Maximum, das sowohl in ,,gew6hnlichem” wie 


in ,,basischem’’ Methanol bei der g/eichen Wellenlinge lag und jeweils nur verschieden 


16 R. S. Rasmussen und R. R. Brattain, J. Amer. Chem. Soc. 71, 1073 (1949) 
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Spektroskopische Studien an ..trans-fixierten” §/-Diketonen 


Man kommt also zu dem Schluss, dass die in festem Zustande und in hydrophoben 


Solventien als ..Diketo-Formen” VIII vorliegenden cyclischen Ester der Malonsiaure 


auch in OH-gruppet ltigven L6ésungsmitteln (Methanol) in der ..Diketo-Form” VIII 


gelést sind, wenn man durch Zugabe von Spuren HCI ihre Dissoziation hintanhalt, 


Diketo-Form” ohr wischenbildung nachweisbarer Mengen Enol- 


und dass diese 
form sich unmittelbar mit thi mesomere! iolat-Anionen IX 


abhingiges Gleic! 


} 


von der Natur des rsmittels a ges rewichtssystem Zw ren den 


Analoge Befunde ergaben sich bei unseren Ur ingen von C-Mono-alkyl- 


Derivaten V (R CH. oder (¢ 
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Proton-Affinitdt besitzt » ist aber kein Bei dass der Dissoziation ¢ 
Pseudo-Siiure Il a bzw. VIII eine Umlagerung in die Enolform vorausgeht."’ 
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Arndt, Statische und d he Aciditat 
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Mit anderen Worten: Sie besagt nichts tiber den Sitz des ..sauren” Protons in der 
undissoziierten Verbindung 

Auf der Grundlage der oben dargelegten experimentellen Befunde scien nun die 
von Kabachnik und Mitarbb’ mitgeteilten UV-Spektren der ..C-Methyl-” und 
..C-Athyl-Meldrumsiure”™ besprochen. Die Autoren liessen die Messungen nur in 
Methanol und in Athanol ausfiihren. Die Kurven (!.c.S. 323) zeigen Maxima bei ca. 
372 mu. also infolge der bathochromen Wirkung der C—Alkyl-Substitution, die wir 
auch beim C-Methyl-dimedon antrafen,* bei etwas lingeren Wellen als die unsubsti- 
tuierte Meldrum-Sdure in den gleichen Lésungsmitteln. Die Extinktionshéhen sind 
in allen vier Kurven nahezu gleich; in Athanol jedoch jeweils etwas niedriger als in 
Methanol 

Nach unseren obigen Befunden handelt es sich nicht um die Absorption der 
freien Enolformen. sondern um die der Enolat-Anionen LX der cyclischen Ester det 
C-Akvi-malonsiuren in den beiden Alkoholen. Da die Dielektrizitaétskonstanten 
von Methanol und Athanoll nur wenig voneinander verschieden sind (31,2 bzw. 25,8 
fiir reine wasserfreie Alkohole; i. allgem. enthalten sie jedoch Spuren Wasser), 
ist es nicht verwunderlich, dass die cyclischen Malonsdureester in den hochverdiinnten 
Lésungen (ca. 10-° molar), wie sie bei UV-Messungen iiblich sind, nahezu gleiche 
Mengen FEnolat-Anionen 1X a«>b enthalten. Die von den russischen Autoren 
mitgeteilten UV-Spektren kénnen also nicht als Hinweis auf eine lésungsmittel- 


unabhinigige Eno/lisierung der cyclischen Malonsdureester gewertet werden. Das 


gleiche gilt fiir die von ihnen mitgeteilten UV-Spektren det Athyltetronsaure X in 


Wasser. Methanol und Athanol 


x 


Da die russischen Kollegen’ unseren oben nochmals dargelegten spektroskopischen 
Nachweis der Lésungsmittel-Abhiangigkeit der Keto-Enol-Gleichgewichte ,,trans- 
fixierter”’ $-Dicarbonylverbindungen ohne stichhaltige Begriindung als ,,doubtful” 
ansahen [sie nehmen an, dass sich bei unseren Messungen in ,,saurem’’ Methanol 
Methyldather der Enolformen gebildet hatten, die bei ungefahr gleichen Wellenlangen 
absorbieren wie die freien Enolformen'*] glaubten sie, aus neuen Bromtitrationen 
einwandfreie Aufschliisse iiber die von ihnen vermutete Lésungsmittel-Unabhangig- 
keit des Keto—Enol-Gleichgewichts der trans-fixierten”’ 6-DiCarbonylverbindungen 
erhalten zu kénnen. Um die Fehlerquelle auszuschalten, die durch die Weiter- 
Enolisierung der zunichst entstehenden Monobrom-Verbindungen gegeben ist, 
titrierten sie C-Monoalk yl-Derivate des Dimedons, der Tetronsaiure und der Meldrum- 
18 Die Enolmethylither der ,,trans-fixierten” §-Diketone absorbieren zwar bei praktisch der gleichen 

Wellenlinge wie die freien Enolformen, aber mit weniger hohen Extinktionen. Selbst wenn sich in der 
methanolischen Lésung unter der Einwirkung von Spuren HC! teilweise Enolmethylather bildete, ware 
die davon verschiedene Absorption in ,,zew6hnlichem”™ und in ,,basischem™ Methanol und das Auftreten 


des isosbestischen Punktes damit nicht erklart. Unseren spektroskopischen Nachweis der Ketisierung 


in Heptan-Lésung tibergehen die russischen Autoren vollig 
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Saiure, deren Monobrom-Derivate ja nicht mehr enolisieren kénnen. Sie fanden 
dabei tatsiichlich fiir jede untersuchte Verbindung untereinander nahezu gleiche 
Bromverbrauchs-Werte, unabhingig davon, ob sie die genannten Verbindungen in 
Methanol, in Chloroform, in Athanol oder (soweit léslich) in Benzol gelést hatten. 
Sie sehen darin den endgiiltigen Beweis fiir die von ihnen angenommene Lésungs- 
mittel-Unabhingigkeit des Keto-Enol-Gleich-gewichts der ,.trans-fixierten” /- 
Dicarbonylverbindungen. 

Dabei iibersahen sie jedoch eine weitere, grundsitzliche Fehlerquelle der 
Bromtitrations-Methode, auf die auch Arndt'* aufmerksam gemacht hat: 

Bei der ,,direkten” Titration nach Meyer,”° die die russischen Autoren anwandten, 
beniitzt man alkoholische (insbesondere methanolische) Brom-Lésungen, und man 
giesst die auf ihren Enol-Gehalt zu untersuchenden Lésungen auf jeden Fall vor der 
Titration in (tief gekiihlten) Alkohol, wobei man unterstellt, dass sich das im urspriing- 
lichen Lésungsmittel, z.B. Chloroform, vorhandene Gleichgewicht wahrend der 
Titrations-Operationen nicht dndert Diese Voraussetzung ist bei solchen Verbin- 
dungen, deren Enolformen chelatisiert sind (s Formel [V), hiufig erfiillt. Bei solchen 
Verbindungen jedoch, deren Enolform nicht chelatisiert sein kann, die also relatiy 
stark sauer sind, ist die Umlagerungs-Geschwindigkeit der Keto- in die Enol-(bzw. 
Enolat-) Form wahrscheinlich so gross, dass ein ,,Einfrieren” des in dem urspring- 
lichen Lésungsmittel vorhandenen Gleichgewichts nicht méglich ist. Vielmehr stellt 
sich sofort dasjenige Gleichgewicht ein, welches dem nunmehr iiberwiegend vorhan- 
denem Lésungsmittel (Methanol oder Athanol) entspricht.!® 

Arndt hat diese Fehlerquelle der iiblichen Bromtitrations-Methode zunachst an 


B-Cyanketonen festgestellt, deren Enol-Formen wegen des gestreckten Baues der 


CN-Gruppe keine Chelate bilden kénnen und deshalb relativ sauer sind. Sie gilt 
naturgemiss auch fiir ,,trans-fixierte’’ /-Dicarbonylverbindungen, bei denen ja 


ebenfalls Enolchelate sterisch unméglich sind. Es war deshalb ohne weiteres zu erwar- 
ten. dass bei der iiblichen ..direkten”’ Bromtitration der von den russischen Autoren 
untersuchten ,,trans-fixierten’”’ Verbindungen stets annahernd der fiir methanolische 
Lésungen geltende Brom-Verbrauch gefunden wird, unabhangig davon, in w elchem 
Solvens die untersuchten Verbindungen urspriinglich gelést waren Dabei entspricht 
der Brom-Verbrauch, wie aus Obigem zu ersehen, der in den methanolischen Lésungen 
vorhandenen Menge Enolat Enol. 

Damit diirfte die experimentelle Grundlage der weitgehenden theoretischen 
Folgerungen, die Kabachnik und Mitarbeiter’ aus der vermeintlichen Lésungsmittel- 
Unabhingigkeit des Keto—Enol Gleichgewichts ,,trans-fixierter” /-Dicarbonylver- 
bindungen zogen, und die in einer speziellen Erweiterung der Meyerschen Gleichung* 
resultierten, in Frage gestellt, sein. 

Die Verfasser danken der Deutschen Forschungs-gemeinschaft und dem Fonds der Chemischen 
Industrie fir die Unterstiitzung ihrer Arbeiten 


19 F. Arndt. I. Loewe und R. Gink&k, Rev. Fac. Sci. Istanbul (Ser. A. Tome X]1) 4, 161 (1946); ¢ hem. Abstr. 


41, 3760 

20K. H. Mever. Ber. Dtsch. Chem. Ges. 44, 2720 (1911); Liebigs Ann. 380, 212 (1911); G Hesse und 
G. Krehbiel, Liebigs Ann. 593, 35 (1955) 

21K. H. Meyer, Ber. Dtsch. Chem. Ges. 47, 826 (1914). 
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ASPECTS OF STEREOCHEMISTRY II* 
INTRAMOLECULAR HYDROGEN BONDING IN SOME MONOHYDROXY 
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TABLE 1. INFRA-RED SPECTRAL DATA FOR CERTAIN ALCOHOLS 
(Determined on solutions in carbon tetrachloride of concentration 0-005 M or less) 
Infra-red absorptions (cm 
Alcohol Structure* Free Bonded Ai 
OH(e) OH(e) 


Tetrahydropyran-2-ol 362040) 
(5-hydroxypent: 7 


Tetrahydropyran-3-ol 5 3620(40) 3604(50) 16 


Tetrahydropy 


2-Hydroxymethy 


py ran 


Tetrahydrofur: 
3619(40) 
(4-hydroxybutanal) 


Tetrahydrofuran-3-ol 3628(48) 


2-Hydroxymet! fu 3600(47) 


(tetrahydro 


-5-ol 
Dioxan Ol 3594(100) 4] 


(1:3-O-methvlene glyceritol) 


2-Methyl-1! :3-dioxan-5-o 


(1:3-O-ethylidene-glyceritol) 


2-Ethyl-1 :3-dioxan-5-ol 3590( 100) 


(1:3-O-propylidene-glyceritol) 
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TasLe | (Cont.) 


Infra-red absorptions ') 


Alcohol Structure* Free Bonded Ave Ay'-4 
OH(«) OH(e) 


2-Isopro »vl-1 :3-dioxan-5-ol 
proj 


itol) 


3589(55) 


In Table | are the infra-red absorption frequencies determined on 


solutions of 0-005 M or 1e alcohols in dry carbon tetrachloride. As would be 
expected from a considerat accurate scale models, bonding does not occur In 


the tetrahvdrofuran-2 and is or in tl tetrahvdropyran-2 and 4-ols. Intra- 


molecular hydrogen bonding is theoreticall in the boat conformation (V) 


of tetrahydropyran-4-ol but it aj ; that nding is too weak to hold the molecule 


has been observed’ in a related 


in such an unfavoured 
4-hydroxy-] 2:2:6 6- 


6-membere ing compound in a boat conformation namely 


pentamethyl-4-phenyl-piperidine (V1). In this case the alternative chair conformations 


etl vi groups 


are destabilized by the gem-di 


¥Tetrahvdrofuran-2-ol and tetrahydropyran-2-ol may be regarded as equilibrium 


mixtures of the cyclic rm n spective acyclic structures 4-hydroxybutanal 
and 5-hydroxype f liquid films of the two alcohols 
showed weak carbonyl absorptions” at nd 1724 cm™! respectively, indicative 


of the presence of a small percentage ol the acvclic forms. A similar inference could 


be drawn from the spectra of solutions ol the two alcohols in carbon tetrachloride at 


concentrations of 10-0 mg/ml which showed the following absorptions: tetra- 
on, 


hvydrofuran-2-ol 1730 cm™ (« 31), tetrahydropyran-2-ol 1720 cm 22 


lypical aliphatic aldehydes® show carbonyl absorption in the range 1720 1740 cm 
700 100 so that in the present 


l 


and have® carbony! extinction coefficients («) ca 
cases about 4 per cent of the alcohols are in the open chain form. This is the same 


Lyle. J. Ore. Chem. 22, 1280 (1957) 
Bellamy, /afra-red 5S; tra of Complex Molecules p 133. Methuen (1956) 
Richards and W. R. Burton, Trans. Faraday Soc. 45, 874 (1949) 
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order of magnitude as found by Hurd and Saunders’ from ultra-violet measurements 
on solutions of the alcohols in aqueous dioxan. 

In view of the low percentage of molecules of tetrahydrofuran-2-ol and tetra- 
hydropyran-2-ol which exist in the open chain form, any bonding between the hydroxyl 
group and the carbonyl oxygen in the acyclic structures would be difficult to detect. 
However, it seems unlikely that such bonding would occur since the formation of 
seven or eight membered rings would be required. 

In carbon tetrachloride solution the hydroxyl groups in 2-hydroxymethyl- 
tetrahydropyran and 2 hydroxymethyl-tetrahydrofuran appear to be completely 
bonded. In the latter case bonding involves the formation of a bicyclic system 


structurally related to cis-bicyclo [3.3.0] octane. A similar bicyclic system would be 


formed by bonding in 1 :2-O-isopropylidene-glyceritol. However, in carbon tetra- 
chloride solutions of this cyclic acetal, a significant percentage of the hydroxyl groups 
are not bonded as shown by the absorptions at 3647 cm=! (« 25, free hydroxyl) 
and 3608 cm~! (« 49, bonded hydroxyl). From a study of accurate scale models 
it appears that the gem-dimethyl groups in the isopropylidene residue may sterically 
hinder the approach of the hydroxyl group to the relevant ring oxygen and hence 
limit intramolecular hydrogen bonding 

An examination of models also suggests that bonding could occur in both chair 
conformations of 2-hydroxy nethyl tetrahydropyran If the hydroxymethyl group 
is axial then the bicyclic system formed by bonding is structurally related to cis- 
hydrindane (cis-bicyclo [4.3.0] nonane) and if equatorial to trans-hydrindane 
Although the available evidence does not indicate which configuration predominates, 
by analogy with the hydrindanes, for which combustion data indicates®* the frans- 
form to be most stable, and on the basis of the principles of confor national analysis? 
2-hydroxy methyl-tetrahydropyran would be expected to assume a cl 
with the hydroxymethyl group in an equatorial position 

On the reasonable assumption*-’® that the tetrahydropyran ring normally exists 
in the chair conformation then the presence of both free and bonded hydroxy! groups 
in carbon tetrachloride solutions of tetrahydropyran-3-ol may be interpreted as 
indicating the presence of an equilibrium of both chair conformations (Fig. 1). 
Bonding can occur only in the chair conformation with an axial hydroxyl group and 
the relative extinction coefficients (40 and 50) for free and bonded hydroxy! groups 
indicates approximately, equal proportions. Some stabilization of the conformation 
with an axial hydroxyl group must be conferred by bonding since, from the principles 
of conformational analysis,* the hydroxy! group would otherwise adopt predominantly 
an equatorial position. Pickering and Price" have concluded that for cyclohexanol 
in carbon disulphide solution approximately 65 per cent of the molecule exists in 
the chair conformation with an equatorial hydroxyl group 

Introduction of a second ring oxygen as in | :3-dioxan-5-ol permits more efficient 
bonding of an axially located hydroxyl group than in tetrahydropyran-3-ol (Fig 2). 
The relative extinction coefficients (21 and 100) for free and bonded hydroxyl groups 
in 1 :3-dioxan-5-ol indicates that the equilibrium of chair conformations now strongly 
7C. D. Hurd and W. H. Saunders, J. Amer. Chem. Soc. 74, 5324 (1952). 
W. Hiickel. Liebigs Ann. 533, 1 (1938) 
* D. H. R. Barton and R. C. Cookson, Quart. Rev. 10, 44 (1956) 


1 J A. Mills, Adv. Carbohydrate Chem. 10, 1 (1955) 
11 R. A. Pickering and C. C. Price, J. Amer. Chem. Soc. 80, 4931 (1958) 
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favours that with an axial hydroxyl group. Further, the introduction of a suitably 


oriented substituent on to C, in 1:3-dioxan-5-ol, as for example the phenyl group in 


cis-1 :3-O-benzylidene-glyceritol (VII), effectively fixes the conformation and permits 


trans-isomer' in which an 
not bor ded { Table 1) By com- 
(VIII), 1:3-O-propylidene- 


the spectra of which (Table 1) 


may be tentatively assigned the 


synthesis of tetrahydropyran-3-ol a possible route 
dropyran (2:7-dioxabicyclo [4.1.0] heptane) was 
e since, under the experimental conditions used, 
the epoxide, if formed, underwent further reaction. For example, treatment of 


2:3-dihydropyran with perbenzoic acid in dry chloroform gave a diol monobenzoate 
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This compound may be tentatively allocated the structure trans-2-benzoyloxy-3- 
hydroxy-tetrahydropyran (XI) on the basis of a close parallel with the results of 
Wood and Fletcher’ who showed that oxidation of p-galactal (XIII) with perbenzoic 
acid gave 1-O-benzoyl-x-b-talopyranose (XVI). It is of interest that, in the latter 
reaction, D-galactose derivatives are not formed so that if the reaction proceeds via the 


intermediate epoxide (XV) it is highly stereospecific. Onthe other hand perbenzoic acid 


reacts*’ with 
XVIII) ps 
and Wilso ave show! 

the cis-epoxide (XX) whe 


yields mainly 
is considered 

whereas in the 

the double bond 

and cyclohex-2-enol set al the 1 throug intermediate 
epoxides (XV) sail (XVII) n n the galactal ies an | ether not an olefin 
is initially involved, then the occurrence further reaction surprising. A 
similar reaction sequence occurs in the D-glucal ies. Thus D-mannose is the main 


product** of the reaction of D-glucal and perbenzoic acid in the presence of water 
B. Wood and H. G 


7, 209 (1952). 


$4, 440 (1921); B 


4 H. OH 
c 
Bz 
OR 
5 
p-galactal(XIV)to yield 3:4:6-tri-O-acetyl-1-O-benzoyl- 
: sumab ia t termediate epoxide (XVII). Henbest 
> 
peracid X1d x-2-enol (XIX, R H) to 
the acetate (XIX, R Ac) reacts re slowly but 
x 
A. ca R.S. Ty B 93, 
oS aed ge 17 H. B. Henbest and R. A. L. Wilson, J. Chem. S 1958 (1957 
M. Bergmann and H. Schotte, Ber. Helferich, Adv. Carbohydrate Chem. 


16 A. Barker. J. S. Brimacomae, A. B. Foster, D. H. Warren and G. Zweiret 


whereas the peracid reacts with 3:4:6-tri-O-acetyl-p-glucal to yield'® predominantly 
3:4:6-tri-O-acetyl-1-O-benzoyl-D-glucose p-Glucose derivatives predominate when 


either 3-O-methyl or 3:4:6-tri-O-methyl-p-glucal is treated with perbenzoic acid in 


the presence of water.'* In conflict with this general pattern of reactions is the 


observation!” that mainly D-mannose derivatives result from the action of perbenzoic 


acid on 3:4:6-tri-O-acetyl-p-glucal in the presence of water The epoxide (XVII) 


[3:4:6-tri-O-acetyl-1 :2-anhydro-x-b-glucopyranose (Brigl’s anhydride)] postulated 


as an intermediate in the reaction of 3:4:6-tri-O-acetyl-p-galactal (XIV) with per- 


benzoic acid has been obtained*” by another route 
Benzoviation of the monobenzoate (XI) gave a dibenzoate with the possible 


structure frans-| :2-dibenzoyloxy-tetrahydropyran (XII). Treatment of the dibenzoate 


with ethereal hvdrogen chloride followed by reduction with lithium aluminium 


hydride gave an inseparable mixture of benzyl alcohol and, presumably, tetrahydro- 


pyran-3-ol 


EXPERIMENTAI 


With the exception of te ydropyran-3-ol the alcohols used in this paper are described in the 
literature. Table 2 contains the phys nts of and other data about the alcohols 

fcr per acid on 2:3-d i 2:3-Dihvdropyran (6 @) was idded to a solution 
of perbenzoic acid (10 g) , ofo (200 mil) at - After 10 min the solution was extracted 


24 


0-05 mm 1°5152(21) $2°/2mm 1-4532 (17)"* 


40-45 


48 (0-01 mm 14490 (21) mm 1-4448 (25) 


2-Isoprop 


mm 


rd’s Fehling’s solution 


1* PA. Levene and A. L. Raymond, J. Bi Chem. 88. 513 (1930); C. Tanaka, Bull. Chem. Soc. Japan §, 
214 Chem. Zentr. 2765 (1930, ID 

* P. Brigl, Z. Phy Chem. 116, 1 (1921); 122, 245 (1922) 

*! L. E. Schniepp and H. H. Geller, J. Amer. Chem. S 68, 1646 (1948) 

? ©. Heuberger and L. N. Owen. J. Chem. Soc. 910 (1952) 

2K. Alder and E. Ruder, Ber. 74, 920 (1941); R. H. Hall, J. Chem. Soc. 1398 (1953) 

“ R. Paul, Bull. Soc. Chim. 8, 911 (1941) 

Paul and S. Tchelitcheff. Bull Soc. Chim 15, 197 (1948) 

* H. Wynberg, J. Amer. Chen Soc. 80, 364 (1958) 

Hibbert and N. M. Carter, J. Amer. Chem. Soc. 50, 3120 (1928) 
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thrice with cold 2 N NaOH and finally with water. Evaporation of the dried (Na,SO,) chloroform 
solution and recrystallization of the residue from ether light petroleum (60-80°) gave trans (?)-2- 
benzoyloxy-tetrahydropyran-3-ol m.p. 85-87°. (Found: C, 64-5; H, 60. C,,H,,0, requires: C, 
64:8; H, 63%). The infra-red spectrum (Nujol mull) showed absorptions at 1703 and 1720 cm-! 
(carbonyl) and at 3460 cm™'! (hydroxyl) 

A solution of benzoyl chloride (4 g) in dry pyridine (20 ml) was added to a solution of the 
preceding monobenzoate (3-5 g) also in dry pyridine (20 ml) at 0°. After 30 hr at room temp the 
mixture was diluted with chloroform, and the chloroform solution washed successively with dilute 
hydrochloric acid, water, aqueous cadmium chloride (10°%, w/v), water and aqueous sodium hydrogen 
carbonate. Evaporation of the dried (Na,SO,) chloroform solution and recrystallization of the 
residue from methanol gave trans (7)-2 3-dibenzoyloxy-tetrahydropyran (5 g) m.p. 70-75°. (Found: 
C, 69-9; H, 5-4. C,,H,,O,; requires: C, 69-9; H, 55%). The infra-red spectrum (Nujol mull) 


showed absorptions at 1721 and 1736 cm~ (carbonyl) but no absorption for free hydroxyl groups. 

Tetrahydropyran 3-ol 2 3 Dihydropyran (9 g) was added to a solution of perbenzoic acid (15 2) 
in aqueous saturated ether (200 ml) at 0 After 24 hr the mixture was extracted with water and the 
aqueous extract was washed with a small amount of ether to remove benzoic acid and then evaporated 
at 40°/12-15 mm to yield crude 2:3-dihydroxy tetrahydropyran. The diol was acetylated by treat- 
ment with dry pyridine (30 ml) and acetic anhydride (15 ml) at room temp for 48 hr. The mixture 
was poured into wate nd the solution extracted with chloroform. The combined extracts were 


of Hibbert and Carter rave a product 7 1-454] The infra-red spectra (liquid film) of the two 
: 


products VeTC dentic 

1 :3-O-Ethyliden yeeritol (2-methyl-1:3-dioxan-5-ol). Acetaldehyde (15 g) was passed into a 
mixture of elyceritol (34 ¢) and conc H.SO (1-0 ml) The mixture w S neutralized with solid K CO, 
and excess acetaldehyde \ emoved by extraction with light petrole im (60-80 ) The residue was 
dissolved in ether, the solution washed with water and then evaporated to yield a residue from 
which a mixture (29 g) of O-ethylidene-glyceritols was obtained with b p. 45-48°/0-:05 mm. Benzoyl 
chloride (26 7) was added to a solution of the mixed O-ethylidene glyceritols (25 7) in dry pyridine 
(100 ml). After 10 hr at O° the mixture was worked up in the usual way to yield 5-benzoyloxy-2- 
methyl-1:3-dioxan m.p. 86° (Hill, Hill and Hibbert"? quote m.p. 86° for the same compound prepared 


in a different manner). The behaviour of the benzoate on chromatography on alumina indicated 


that it was homogeneous 


3 
wasne succesSIVCTY Pit aqucous Cadmium chioriae, and dilute aqueous sodium hydrogen 
er carbonate. I po on oO dried (Na,SO,) chloroform solution and distillation of the residue 
opyran as a colourless liquid b.p. 70-72° (bath)/0-1 mm, n®° 1-4458 
(Found: 53-2: H. 7-0. C.H,.O. requires: C. $3-5 H 0°) 
Sone 7 pressure ‘ ning traces of hydrogen chloride were removed by repeated distillation of 
a benzene fro e re c A so of e syrupy product in ethe nium 
ydride x for 4 EXxce de was destroyed 
| } non-re ( re y soiution 
(Fe C, 58-95: H 0. C.H,.O- re C, 58-8: H, 9-8). To \ 1 in the 
manner 3 KV-te hydrop (Four C, 56:1 H. 6-4 
: S, 12°3. C,.H,,.O;S re C, H, 62; ed spectrum (liquid film) 
| :3-0-VM (1:3 an-5-o tion of 2-O-ber | :3-O-methylene- 
glyceritol (3 g, prepare ding to the me 1 of Hibbert and Carter®’) in chlorofi (20 ml) 
treated W 1d met ni) to i ace ot met c n had Cer After 
. evaporated. A solution of e residue in wate s extracted firstly wit rht petroleum (60—80") 
i ind en exhaustively th ethe Evaporation of the ether extract and dis yn of the residue 
gave 1|:3-O-methylene glyceritol, b.p. 80-85°/11 mm, 7 1-4540. (Hibbert and Carter?’ quote b.p 
Bm 82°/11 mm, n®° 1-4533). Saponification of the benzoate using ilkal ling to tl thod 
age 


S. A. Barker. J. S. Briwacomar, A. B. Foster, D. H. Wuirren and G. Zweiret 


Debenzoviation was effected with sodium methoxide in methanol as described above for 5- 


1 2-methyl-1 :3-dioxan-5-ol, b.p. 40-45 '/0-05 mm, n 2: (Hill, 


benzovloxy-1 :3-dioxan to yiel 
Hill and Hibbert"™* quote b.p. 52°/2 mm, 7 1-4532) 


Infra-red s f These were ! ured in 2 cm lavers in CCI, solution with | grating 


used in th yurtl 1 the spectromet viously described Concentration the diol was 


always are equal to 
e recorded 


ydroxyl 


not 


“= 
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a; in Table | It would be unwise to asssume that the extinction coefiicients of Donded and tree hyd mz a 
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—, available for the proportion of each fo The extinction coefficients pe droxyl group lie in the Bet 
range 40-125 for compounds lroxy! group e free, bonded 1 proportion 
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CONSTITUTION OF ALBIGENIC ACID—A NEW TRITERPENOID 
SAPOGENIN FROM ALBIZZIA LEBBECK BENTH. 
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Abstract 


riterpenoid sapogen n from the beans of 


il/h a lebbeck Bent n been established as 3 16x-dihydroxyolean-13(18)-en-28-oic acid and its 


if 


THE isolation and echinocystic acid from the 


beans of A. /Jebbeck Bent as been reported in an earlier communication.! Albigenic 
acid (la). C.,H,.O monomethyl ester (Ib). which formed a diacetate (Ic). 
It showed a violet —- pink colouration in the Liebermann—Burchardt reaction As 


acids. Owing to its la rotation, albigenic acid was thought to be a 3a-epimer of 


acid STTICE Cl rauy bec 10D rved tha H nas a negative 


molecular rotatory co yution This possibility was overruled by the fact that the 
diketone obtained by t xidation of methyl albigenate was different from methyl 
diketo echinocyst Methvl diketoalbigenate ga positive Zimmermann colour 
reaction proving the pre ce of 3-keto group Under comparable conditions the 
rate of hydrolysis of methyl albigenate was found to be almost the same as that of 
methyl echinocystate e rate of hydrolysis of the triterpene esters of the oleanane 
series having the carboxyl group at the ¢ position is usually very low whereas the 
presence of hydroxyl groups / to the carbomethoxyl group f cilitates the hydrolysis 

That one of the hydrox: oups is / to the carboxyl group is shown by the fact that 


methyl diketoalbigenate (VI) undergoes decarboxylation on saponification 


[he fact that albigenic acid and its derivatives gave a pale yellow colouration with 


tetranitromethane and that methyl albigenate consumed only one mole of perbenzoic 


acid showed the presence of one double bond. The relative rapidity with which the 


uptake of perbenzoic acid was complete (24 hr) indicated that the ethylenic linkage in 


albigenic acid was not at the usual 12:13-position, in which case the consumption of 


the oxidant is very slow Ihe double bond in albigenic acid, however. resisted 


hydrogenation under standard conditions in presence of platinum oxide catalyst and 


was not attacked by osmic acid. The rapid thermal decarboxylation of albigenic acid 


at its melting point indicated the possibility of the double bond being in the /y-position 


to the carboxyl group, as /y-unsaturated acids are known to be readily decarboxylated 


A. K. Barua and S. P. Raman, Sci. and Cult. 23, 435 (1958) 
> W. Klyne and W. M. Stokes, J. Chem. Soc. 1979 (1954) 

D. H. R. Barton and P. De Mayo, J. Chem. Soc. 887 (1954). 
‘L. Ruzicka, H Furter, Helv. Chim. Acta 15, 482 (1932) 
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: 
The constitution of albigenic acid—a new 
partial Synthesis trom echinocystic acid 1s described 
4 
a albigenic acid was found to occur in association with echinocystic acid, which also has 
>) Tae the same molecular for la, there seemed to be a close relationship between the two | 
ore ‘ 
i 
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on pyrolysis.° Albigenic acid, unlike oleanolic acid, neither lactonized nor formed a 
bromolactone. under conditions used for the formation of the derivatives of oleanolic 
acid.® 

The first evidence bearing on the positions of the ethylenic double bond and 
the carboxyl group in albigenic acid came from the formation of a lactone diacetate 


identical with the 18-iso-echinocystic acid lactone diacetate (VII). 


R=R,=CH,CO 
R,=CH, 


VI 


The above observations clearly show albigenic acid to be a dihydroxy pentacyclic 
triterpene acid of the oleanane series with the carboxyl group at the usual C,, position 
and closely related to echinocystic acid having the structure Ia or II. In order to 
decide between these structures, the compound (Ic) was prepared from echinocystic 
acid on the following lines. Oxidation of diacetyl methyl echinocystate (II1) with 


D. H. R. Barton and C. J. W. Brooks, J. Chem. Soc. 257 (1951) 
* A. Winterstein and G. Stein, Z. physiol. Chem. 199, 56, 64 (1931) 


COOH COOR; COOR 
lo, Ro=R,=H Vi R=CHs; 
Id, R, =CH,CO; R=CH, 
COOR, COOR COOR? 
“SH H 
Wa, R.=CH.CO; R.=H; R.=CH R,=CH.CO 
Wb, R,=CH, R.=CH, 
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selenium dioxide in glacial acetic acid furnished 1Va which showed triple ultra-violet 
absorption maxima at 244, 252 and 260-5, (log e 4-4, 4-44, 4-26) typical of the Al 12. 13:18 
dienes of the /-amyrin series.’ Hydrogenation of this diene gave Id, which on 
acetylation furnished albigenic ester diacetate (Ic). 

It is evident that in the formation of IVa from III the 16-acetyl group is eliminated. 
This is proved by the fact that Id on oxidation gave a keto compound V, which gives 
no colour in the Zimmermann reaction indicating the absence of a 3-keto group.’ 
This clearly establishes the validity of the structures IVa, V and Id assigned to the 
respective compounds. The glassy mass obtained as one of the selinium dioxide 
oxidation products, on hydrogenation yielded diacetyl methyl albigenate (Ic) and 
hence should have the structure [Vb. On the basis of this unequivocal partial synthesis 
the structure and stereochemistry of albigenic acid must be represented by Ia. The 
molecular rotation difference in the case of albigenic acid and echinocystic acid is 

249” which is, however, far below the observed value for the shift of the double 
bond from 12:13- to 13:18-position in the oleanane series. (cf. 4-oleanolic acid,* 
d-amyrin,” and 0-erythrodiol.)° 

We believe that the recently reported'® discrepancy in the properties of echinocystic 
acid isolated from the seeds of A. /ebbeck Benth., is due to the non-homogeneity of 
the compound since we have observed that it is very difficult to separate echinocystic 
acid from this source, from the closely allied albigenic acid, the isolation of which has 
not been reported by the previous workers. We also encountered oleanolic acid in 
the sapogenin mixture 

[hat albigenic acid is not an acid-induced isomerization product!! of echinocystic 
acid is borne out but the fact that echinocystic acid itself in model experiments was 
found to be unaffected under the conditions of the isolation process. Albigenic acid, 
incidentally, is the first example of a naturally occurring triterpene acid with the double 
bond at the more thermodyanamically stable 13:18-position and therefore is of bio- 


genetic interest 


EXPERIMENTAL* 


Isolation of sapogenins t ied wdered beans of Benth. contain 


(1:5 kg) were Soxhleted for (90"°.) and \ us dark brow! 

evaporation of the solver racuo, Was repeatedly washed with ether (5 500 cc) 

insoluble gummy ma wi TAY hara tic test am as dissolved in 

and refluxed for 4 hr after addition of conc cc he alcohol was evaporated over a steam 
bath, the volume being t constan iddition of water he ocola loured crude sapogenin 


thus obtained was extracted in a Soxhlet apparatus with ether for 40 hr and the ether extract washed 


with aqueous caustic soda 200 cc). The alkali washings on neutralization gave a voluminous 


white precipitate, (12°5 g) 


* The m.p.s are uncorrected and were determined i sulphate bat al rotations are in chloroform 
sOlULIONS UNIess OLNerwise specified a-vioiet spects ere € ire nethano!l soluuo vith a Beckmann 
DU instrument. Brockmann’s alun erck) was used fi romatography and acid washed alumina 
refers to Brockmann mina deactivated il I acetic acid Petroleum ether, b.p. 60—80°, was 
used for chromatography 

* We wish to thank Dr. S. K. Mukheriee, Keeper, Central National Herbarium Sibpur, Calcutta, for 
botanical identification of the plant material 
7 L. Ruzicka, G. Muller and H. Schellenberg, Helv. Chim. Acta 22, 

*L. Ruzicka and O. Jegger, He Chim. Acta 24, 1236 (1941) 

*O. Jegger, J. Norymberski and L. Ruzicka, Helv. Chim. Acta 27, 1532 (1944) 

Ch. Sannie, H. Lapin and I. P. Varshney, Bull. Soc. Chim. Fr. 1440 (1957) 

'! G. Brounlie, M. B. E. Fayez, F. S. Spring, R. Stevenson and W. S. Strachan, J. Chem. Soc. 1377 (1956). 
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Methyl albizenate (Ib). The above acid sapogenin fraction was esterified in the usual way using 
excess diazon i f ! ition and a benzene solution of the crude ester was adsorbed over 
(400 ¢ 


sate (600 cc) gave a Traction which on 


199.200”. ; 


yl oleanolate 
203-207 


sarison wilh 


cial acetic 


and the 


2? 
22 | 
a i 
a 
al ed no char sher a ti in authentic § mple oft me 
oe. Elut nn with petroleum ether-benzene mixture (3 : 1, 20 1.) gave solids of = 
(7 vst tion fro nol ed needles, C,,H,.O,, m.p. 212-214 — 
Furt tion of t olvent mixture (1 : 1, 5 1.) gave 
4 710.994 , ‘ tha furnished methvl 
(R 190, 491: re es: C, 7649; H, 10:35; OMe, 63 M.W. 486). Me 
Ih consumed exactly 1 m« f perbe c acid 24 there 
vas ke for 15 lhe « co be ts acetic acid 
so 
$9 H >». Wi. 4 C,,.H,.0 H 24 Wt. 4 
| 
\ 
“uy 
4 f 
lhe dik V1, 200 coholic 
mis | " gd an entirely neutral 
Vil). A vf c acid (la, 300 mg) in 
acid (10 ox treated Vv yvaropromic acid (44 10 cc) and cetic anhydride (5 cc) 
* We express ou ce ks to P Dj Wayne University, Michigan, U.S.A., for 
~— oe 12 G. I. Poos. G. E. Arth, R. E. Beyler and L. H. Sarett, J. Amer. Chem. 5 $, 422 (195 eae 
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mixture kept at room temp for 5 days. The dark red solution was diluted with water, extracted with 


ether vashed with a saturated solution of sodium carbonate. dried and evaporated 4 solution of 


the residue in benzene (10 cc) was chromatographed over alumina (50 g). Elution of the column with 
tet 1.p. 281-282 


benzene gave a pr (220 mg) wh gave no coloration with tetranitromethane, m.] 
24 The m his c« vhen adn han authenti imple of 1 $-iso-echinocystic 
d lactone diacetate was undep! requires: 


lo a solution of diacetyl methy! 
1 (50 cc). f repared and 
he on 


esiaue in 


4 
ra 
‘ 
H, 9.4 
a Selenium dioxide oxidation of diacetyl methyl echinocystate (11) 
resub ed selenium 200 me. le) wv ided and th 
as The s« ) ition ol e sepa ed red selenium a id ON pouring int iter. 
pave is, whicl ere take p in ethe shed h alkali, dried and evaporated. The rai” 
be cc) W ( (200 ( petroicum ether 
benzene mixture (2 : 1, 200 e (200 p. 199-200°, of unreacted diacetate of methyl! echino- 
si ed no tende Ite Tal Benzene (500 cc) eluate gave 
(500 244, 252, 260 1 og 4-40, 4-44 
H to (id). A 400 n glacial acetic 
Ove 205-20 ne 
(Fe ( 1-98 H. 982. H..O ( 19 H 99 ) 
‘ ‘ | 
180 va n ether 
ture sO , 20 §2 
; met! bigenate (Ic 
fcAm en I he : C ebted to Dr. D. M. Bose, Direct to Dr. P. K 
Bose, He f the De " f Che B I fort h est encouragement 
. ; in the work. Thanks are due to Mrs. C. Dutta of University College of Science and Technology 
Calcutta, for carrying out t ucroanalysis 
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Abstract — | 
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(b) action of hydroxylami hexadiindial tetraethylacetal 


(EtO),.CH CH(EtO), 


und A. Ricca, 
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Poly-isooxazoles 
(c) addition of fulminic acid on diacetylene 
HC CH CH CH 
N Cc 


O O 


By extending reactions (a) and (b) to hydroximic chlorides and acetylene derivatives 


containing one or two isooxazole rings we have succeeded in synthesizing linear 


poly-isooxazoles of unequivocal structure in which three, four and six isooxazole 


rings are present to form a normal skeleton of respectively nine, twelve and eighteen 
carbon atoms 


3"-Tri-isooxazole (1X)* has been synthesized from 5’-hydroxymethyl-3:3’- 


bi-isooxazole (V)' according to the reactions in an overall yield of 43 per cent. 


-Tetra-isooxazole (XV) was obtained by reacting 3-isooxazolyl- 


formohydroximic chloride (X) with diacetylene organomagnesium bis-derivative: 


“MgBr 
C =CMgBr 


Since in the preparation of butadiinylmagnesium bromide it is impossible to 


prevent the formation of the bis-derivative, an appreciable quantity of tetra-isooxazole 


(XV) is formed in the preparation of ethynyl-bi-isooxazole (XI). In the above reaction 


5 :5”-dimethyl-3 and a mixture of the 


* 3:3'-Dimethyl-5:5' :5"-tri-isooxazole 
§:5':3':3"- and 5,3':5':3"-tr oxazole had been reported by Musante, Gazz. 


3:5°-dimethylderivatives of 


Chim. Ital. 71, 172 (1941) 


They were prepared by treatment of isooxazole f-diketones with hydroxylamine. 


25 
> 
a 
; 
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> > 
NOH 
N 
[he isomeric 3 -t ooxazole (XIV), was prepared as follows from 
xazolylformohydroximic chloride (X) 
’ 
> * N N N 
Cc 
> + > 
N NOH /oyield N N N 
> O V 
x XV 
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owing to the presence of some diacetylene monomagnesium derivative, a certain 
amount of the hydroximic chloride (X) is converted into ethynyl-bi-isooxazole. 


Application of reaction (a) to ethvnvl-bi-isooxazole (XI) led to the synthesis of 


37-37 (XVII). It was obtained (in 40 


linear :3 


per cent yield on the chloroxime) by treating dichloroglyoxime (XVI) with an excess 


of bi-isooxazolylethynylmagnesium bromide (XII) 


undecom- 


molecular 


a 


i-vidlect spectra ol poly-isooxazoles (in ethanol). 


itself (Amax 214 mu) because the 3:3’-linkage prevents the conjugation of the two 
isooxazole rings.” In §:5’-bi-isooxazole a strong interaction between the two rings occurs 


with the appearance of a new chromophore (Amax = 260 my). 3:5'-Bi-isooxazole 


2 S. Califano, G. Speroni and D. Tafuri, private communication. 


N N C=CMgB NOH NOH 

XV 

The new poly-isooxa es are crystalline solids which Can De sul ned 

OS aa posed in vacu As expect their 1 ng points (Table 1) rise with the i - 

‘ ‘ il organic solvents rapidly jiminishes. They 

= 
ire uorescent al t Wood's 
| tra ott eW DOIN oxazok il reported in Fig | in comparison 
114 mv) practically contains the same chromophore as sooxazole 
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U.V. spectrum exhibit a well defined maximum at 242 in a position which is inter- 
mediate between those of 3:3’- and 5:5’-bi-isooxazole maxima. 

From the point of view of their spectrochemical behaviour the new poly-isooxazoles 
can be classified as follows: 

(i) Those which contain a 5:5-linkage conjointly with 3:3-linkages (3:3':5’:5"-tri- 


isooxazole and 3:3':5':5":3":3"-tetra-isooxazole) show a U.V. spectrum similar to 


TABLE |. PHYSICAL PROPERTIES OF POLY-isOOXAZOLES 


U.V. Spectrum in ethanol 


Compound 


oxazole (II) 
ooxazole (IIT) 
yxazole (LV) 


f 5:5'-bi-isooxazole (A, 
mum as 
i¢) show 

maximum at about 240 mu 

will be completed by the study of poly-isooxazoles containing 

res, whose synthesis is in progress; it can however be anticipated 

that conclusive information about the structure of poly-isooxazole systems is supplied 
by the study of U.\ 

The /.R. spect ie new poly-isooxazoles are reported in Fig. 2 


characteristic for the constat their position and 


spec! illy 
intensity are the bands located at 
3-2. 6-4 and uw 


Syntheses of octa-isooxazoles and still higher linear poly-isooxazoles are in progress. 


EXPERIMENTAI 
Oxime of 3:3'-bi-isooxazole-5S'-aldehyde (V1). Precipitated MnO, (55 g) was added to a solution 
7.9 « 


of 5’-hydroxyvmethyl-3 :3-bi-isooxazole ( g) in acetone (500 ml), and the mixture allowed to stay 


at room temp for 20 hr. The MnO, was then filtered off and washed repeate with acetone. The 


combined filtrate and washings, evaporated under reduced pressure, left a lid residue of 3:3’-bi- 


isooxazole-5’-aldehyde and unreacted carbinol. The mixture was refluxed for about | 


min witha 
solution of NH,O.HCI (6-0 g) and Na,CO, (4-6 g) in water (100 ml); on cooling, crystals of the 
oxime of (VII) and unchanged carbinol separated 

The reaction mixture was rendered slightly alkaline with N NaOH and the undissolved carbinol 
(3-4 g) recovered by filtration. The alkaline filtrate on treatment with 10%, HCI gave the oxime 
(1-7 
ethe 


): from the filtered acid solution a further 1-9 g of carbinol were recovered by extraction with 


5 
r. 


Yield of oxime 65°, based on the reacted carbinol. 


> 
27 
= 
mp 
Amax. Mu log 
3 :3'-Bi-i 73-73-5 210 3-90 
5 :5’-Bi- 116-117°5 260 4:2] 
3 :5’-Bi-is 86-87 242 4-08 
3 (1X) 153-155 239 4-175 
oxazole (XIV) 160-161 263 4-28 
3 
(XV) 265 267 4-335 
He ooxazole (XVII) 370° dec 
Not determined, being insoluble tn ethanol 
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Tri-isoxezole 


-Tri-isoxazole 


-Tetra-isoxazole 


STIS 


-Hexa- isoxazole 


ot water in soft white needies m p 187-189 


je (VID. A suspension of VIT (10g) in dry 


d treated for 10 min with a slow stream of chlorine 
ed hydroximic chloride was filtered and washed with 


puril i by sublimation i” bacue (at 150 170° under 


719 991 


(VILL) forms a nicrocrystalline powder m.p 


ON, requires N. 19°67") 
isooxazole (1X). A suspension of VIII (2 g) in tetrahydrofuran (20 ml) 


was added in small portions over af -riod of 15 min with continual stirring and cooling with water, 
to the solution wimagnesium bromide in tetrahydrofuran prepared from 0-53 g of magnesium ° 
After 3 hr stirring the reaction mixture was left overnight at room temp, decomposed with ice and 
over Na,SO,) a solid 


HCl, and then extracted with ether 
1-5 g) of crude tri-isooxazole W 


On distilling the ether solution (dried 


residue ( as obtained (79 ",) Pure tri-isooxazole crystallizes from hot 


2 E.R. H. Jones, K. | Skattebol and M. ¢ Whiting, J. Chem. Sox 4765 (1956) 


— 
4 
72 
100 | 7 
| 
0 
80 
40 
| 
& 
/ 
| 
20 
2 3 $ 6 
(Found: N, 23-60; ¢ H.O,N, requires: N, 25°4 : 
<4 ” chl 
monye 
‘ } nroduct 
He! d (84 ) I ne | 
dry Yield 
05mm Hg). Pure hydroxu 
0-4 ( 
ay (Found: N, 19°66; C,H 
: 
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water in small needles m.p. 153-155° and can readily be sublimed at reduced pressure. (Found: N, 
20-64; C,H;O,N, requires: N, 20-69%). U.V. and LR. spectra are reported in Figs. 1 and 2. 
5’-Ethynyl-3 :3'-bi-isooxazole (XI). A solution of X' (10g) in tetrahydrofuran (100 ml) was 
added over a period of 10 min with continual stirring and cooling with ice-water to the suspension 
of butadiinylmagnesium bromide prepared from 4-0 g of magnesium.’ During the reaction dissolution 
of the diacetylene organomagnesium derivative and separation of a fine whitish precipitate were 
observed. After 6 hr stirring the mixture was left overnight at room temp and then decomposed with 
ice and HCl. The white powder left undissolved after this treatment (dry 1-8 g) consisted of pure 
3:3':5':5":3" :3""-tetra-isooxazole (XV) (19% yield). The aqueous solution from the filtration of XV 
was repeatedly extracted with ether The combined extracts, dried over Na,SO, and decolorized with 
Norit gave, after removal of the solvent, a solid residue which recrystallized from hexane (about 


200 ml) as pure 5’-ethynyl-3:3 -isooxazole (5 g). A further portion (1-3 g) was recovered from the 
hexane mother liquors Overall yield was 77° 

Pure ethynyl-bi-isooxazole crystallizes from hexane in white needles m.p. 82-83 The product 
is volatile in steam and sublimes easily. (Found: N, 17:31; C,H,O,N, requires: N, 17:50%). 

3 :3’-Bi-isooxazolyl-5 proparg ylic aldehyde diethylacetal (XII) A solution of XI (5 2) in dry 
ether (50 ml) was added in about 30 min with continual stirring to the cooled solution of ethylmagne- 
sium bromide prepared from 0:84 g of magnesium After additional 30 min stirring 5-1 g of freshly 
distilled ethyl orthoformate dissolved in 100 ml of dry benzene were added dropwise with constant 
stirring and cooling. Most of the ether was then removed by distillation and the reaction completed by 


refluxing on the water bath for 4 hr. The dark coloured reaction mixture obtained was decomposed 


with ice-water and ammonium acetate (10 g) and then extracted with ether. The organic layer dried 


over K.CO, left. after removal of the solvent and unreacted ethyl orthoformate in vacuo, the crude 


diethylacetal (XII1) as a brown oil which was used without further purification for the synthesis of 


Syathe of 3:3°:5 -tri-isooxazole (XIV). was refluxed for 2} hr with NH,O.HCI (2-5 g) 
dissolved in aqueous ethanol ml ethanol 10 ml water). After removing most of the ethanol, at 
reduced pressure, the reaction mixture was d luted with water and the yellowish precipitate collected 
on a filter. It weighed when dry 0-4 ¢. Purified by re allization from | water 5’:5”-tri- 
isooxazole forms soft needles m.p. 160-161 product is not volatile in steam and is very soluble 
in ethanol. (Found: N, 20°76; C,H;O,N, requires 20-69 U.V. and LR. spectra are shown 
in Figs. 1 and 2 

Synthesis ee ee 3’-tetra-isooxazole (XV). A solution of diacetylene (1-7 g) in tetrahydro- 

pre} 

from 1-5¢ of 1gnesiun 1 ml o ‘trahydrofuran.* iring the reaction the mixture was 


furan (15 ml) was ad ver a peri f 5 min to th lution of ethylmagnesium bromide prepared 


continually stirred and c« it wate! I iditioné hr stirring at room temp, a 
solution of dichloroglyoxin 5 tetrahydrotura 50 ml) was added dropwise in about 20 min 
The mixture w } vernight and then decon i with ice-water and > ude tetra- 


isooxazole was ecipit ted as a fine powdel The product 1s sp ig it most 


uc solvents rom ning eth OT nZem allizes m ic 20) 


which sublime when heated (Found: N, 20°53; H,O,N, requires 2 U.V 
and I.R. spectra are reported in Fig and 2 

The acid solution recovered after filtration of the tetra-isooxazole and extracted with ether gave 
(0-8 

Synthesis of 5": 51V -31V -3V_hexaisooxazole (XVII) olut of XI (Sg) in 
rahvdrofuran (25 was added in in with continual stirring and cooling with water, 


the solution of ethylmagnesi bromide prepared as usual from 0°34 ¢ of magnesium 

30 ml of the same solvent The formation of th thy -bi-isooxazole magnesium derivative 
was completed by heating on the water-bath at 40° for 20 min 

After cooling the dark coloured clear solut with ice dichloroglyoxime (1 37 g) dissolved in 
tetrahydrofuran ( 10 ml) was added in 10 min with continual stirring. A fine precipitate was immedi- 
ately formed. The reaction mixture was stirred at ordinary temp for 14 hr, allowed to remain over- 
night, and then decomposed with ice-water and HCl. The light-brown precipitate of crude hexa- 
isooxazole was collected on a filter, washed with water, ethanol and ether (dry 1-3 g,40°%,). From the 


aqueous solution unchanged ethynyl-bi-isooxazole (2 g) were recovered by extraction with ether. 


* J. B. Armitage, E. R. H. Jones and M. C. Whiting, J. Chem. Soc. 46 (1951) 


hy 
: 
jo 
lie 
: 
j 
: 


G. GAUDIANO, A. and A. Ric« 


Hexa isooxazole is practicall insoluble 1 ‘thanol and in most organic solvents. sparingly soluble 
in boiling on paral > needles It is Most conveniently 
pul na d ire | d mm He). At temp above 300° at 
ordinary res j | i amiia tut at 370 


with tl ad jul Ps its LR spectrum 
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STUDIES IN THE XANTHONE SERIES—IV* 
PREPARATION AND REACTIONS OF 2-ALLYL-1-HYDROXYXANTHONI 
SCHEINMANN and H. SUSCHITZKY 
Dept. of stry and Applied Chemistry, Royal Technical College 
Sall 
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Abstract 


Vxal thon 


larmacolog 


OH, R 


R = OCH,CH:CH,, 
ven higher yield 


phenol 


1 ad ) 


CHBrCH., | 


dgroxyxanthone 


the presel 

mo-compound 
xide occurred aimost qual titatively and gay 


| 


furanoxanthor hich mu ave the structure (11). This product was also obtained. 


but only in low yield, by refluxing 2-allyl-1-hydroxyxanthone in a mixture of hydro- 
bromic (48”".,) and acetic acid followed by cyclization of the crude intermediate with 
sodium ethoxide. Anti-Markownikoff addition with hydrogen bromide was carried 
out not on the free phenol (1; R — OH, R CH.CH:CH,, R R H) since 
the hydroxyl group might have inhibited the free radical reaction, but on l-acetoxy- 
2-allylxanthone (1; R = OAc,R CH,CH:CH,, R R H) in hexane solution 
in presence of traces of dibenzoyl peroxide. The crude mixture of 2-; -bromopropyl- 
l-hydroxyxanthone (1; R= OH, R CH,CH.CH,Br, R” = R H) and its 
O-acetyl derivative (Ll; R = OAc, R CH,CH,CH,Br, R” = R H) resulting 
from this reaction was cyclized in high yield to 5’:6’-dihydropyrano(2’:3’-1:2)xanthone 


(IIT). 


* Part Ill. F. Lamb and H. Suschitzky, Tetrahedron §, 1 (1959). 
J. S. H. Davies, F. Scheinmann and H. Suschitzky, J. Chem. Soc. 2140 (1956) 
?C. P. Huttrer and E. Dale, Chem. Rev. 48, 543 (1951) 
* A. Mustafa and Orkede H. Hishmat, J. Amer. Chem. Soc. 79, 2225 (1957) 
*L. Claisen, Liebigs Ann. 418, 69 (1919) 
’ L. Claisen and E. Tietze, Liebigs Ann. 81, 449 (1926) 
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1959) 
Preparations of furano-(II and V) and pyranoxanthones (III) from 2-allvl-1-hvdroxv- 
xanthone (I; R OH, R CH.CH:CH,, R R H) and the 2-formvl-1- 
hy xvxanthone (1 R OH, R CHO, R R H) and of 4-ace |-hydroxyxanthone j 
(I: R OH, R R H, R Ac) are describe The ultra-violet absorption spectra of the 
sh i FURTHER reactions of |-hydrox'MMM' have been investigated with a view to 
preparil mptie anaio Ol active chromones such as khellin.* 
nt] 
2-A droxyxa CH.CH:CH.,, R R H) was 
re made by a Claisen rea rement of l-allyloxyxanthone® (1; 
oe. re R R R H cted by heating the ether alone or wit! : 
i by refluxi din aniline. Claiset rearranged the allyl ether of 7/7! 
With rn Cnt de and obDtained some 2-methylcoumaran (IV). but under 
2 
2-Allyl-l-hydroxyxa was made to react with hydrogen bromide under 
carefully chosen co order to predetermine the Thus 
2-//-bromoprpoy ydroxyxanthone (1; R OH, R CH, 
R H) was prepared by saturating a solution of 2-allyl-|-hyx=_ in : 
glacial acetic acid kept under nitrog of 
a peroxide inhibitor (diphenylan y : 
refluxing in ethanolic sodium et] 
~ 


F. SCHEINMANN and H. SuscHitzky 


I 

Hurd and Hoffman® prepared methyl coumaran and chroman derivatives by an analo- 
gous rout The hydrogen bromide adducts were, however, not isolated and the 
endproducts were known beforehand Their work confirms that, by using the 
“peroxide effect” the di ion he ring-closure in o-allylphenols may be reliably 
controlled 
ddition of bromine to 2 allyl l-hvdroxvxal hon i< dibromo-adduct 

OH, R CH .CHBrCH.Br. R rom which two molecules of 


hy ty 


oduct 


into \ 


mparison 


yvaoroxyxan 


ported tl the preparation of 2-acetyl-l-hydroxyxanthone 


OH Ac H) a small amount of an unidentified ketone 


Mustafa and Hishmat* repeated our work but were unable to 
unidentified substance which we have now shown to be 4-acetyl-1-hydro- 


ye (I: R OH, R R H.R Ac) by the following unambiguous 


734 (1954) and other papers tn this series 
ind H. Susc tz hen «. 1790 C1958) 
and T. S. Wheeler, J. Chem oc. 4455 (1956) 


Je 
“4 a 7 
Brig 
hvdrogen promide were cun mated BErcatment with ecthanoiic etnoxide to 
ICVCIK tne} BR a the res Adar a R naius who cyclized 
n-allvin ic by the same 1 structure (V) to our pra 
alti h attemp cK ert inoxantho Il) by dehydrogenation n= 
O metho f synthe xtended xant re st gd: thus condensa- 
tio iro ler Pechmann and Simonis 
(I: R OCH.COCH.. R R R H nhor nhuric.’ 
be n f. ethyl 
of \ Xamine in iciat acelc 
eid reported recently: 1 ne (1; R = CHO 
‘ 
Ce: R OH, R R H) wey i by I ibout 34 per cent yield 
i: R OH, R R OMe) gave 
ito il H ever, 10 yi yn of I-hydroxyxanthone 
ymount of 2-formyl-l-hydroxyxanthone (I; R — OH, R’ = CHO, R R H) 
ao: The structure of tl lehyde follows from its ; and a COmmmmas of its ultra- 
Y ea violet spectrum with 1 nectra of the 2- and the 4-acetyl-]-himmmmmmmthone (see 
We 
was also 
obtain tl 
} 
ao ke C. D. Hurd and W. A. Hoffman, J. Org. Chem. §, 212 (1940) y i ae 
R_A R. E.R 1 41, 
Da is. M eton, Ch &li 9 (1957) 
Cu 1 A. Robertso 4 1933 
°C. K. Br ind W.J 
uj S.H.D F. Lam 
EM. Philbin, J. Swirski 
ing 
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ydroxyacetophenone (VI) were 
lether (VIL) which, by 
debenzylated in one step 


H.R Ac) 


Vil 


4 discussion and 


conjugated angular ring or with groups in the | and 1:2 positions capable 


have been CvVIOUSI lt will again noticed Irom some 


quoted below able | ow a marked drop in 


the principal absorption nd without appreciable shift in the wi 


maximal absorption when compared with the spectrum of xanthone 
is ascribed to steric interference wit e planarity of the molecule. The spectrum of 
l-hydroxyxanthone has previo neasured by Mull and Nord’ and is in good 


agreement with ours, but report a spectrum for |-methoxyxanthone 


almost identical with that for |-hydroxyxanthone. We suspected this result since the 


marked hypochromic effect in the principal maximum of |-hydroxyxanthone (Table 1) 


is undoubtably due to chelation and should disappear when hydrogen bonding is 


prevented (cf. l-acetoxyxanthone, Table 1), We, therefore, measured the spectrum 
of I-methoxy-xanthone and observed the expected intensity increase relative to 


|-hydroxyxanthone 
EXPERIMENTAI 


Ultra-violet spectra were measured in methanol on a Unicam S.P. 500 spectrophotometer, except 
the spectrum of 7-pyrono(2’:3’-1:2)xanthone-6 -carboxylic acid, which was determined in peroxide 


free dioxan. The spectra are quoted as Amax (my) with & in parentheses 


* See footnote on p. 31 


> R. P. Mull and F. F. Nord, Arch. Biochem. 4, 419 (1944) 
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ee condensed under Ullmann conditions and gave th 
treatment with tetraphosphoric acid. was cyclized 
yielding 4-acetyl-l-hydroxyxanthone (I: R H.R R 
Me 
Vv V EH 
; Ee interpretation of the ultra-violet spectra of xanthones with a 
further examples 
the intensity of 
elength of the | 
3 


SCHEINMANN and H. SUSCHITZKY 


H) 


(6-0 2), sodium iodide (12-02) and 


CH 


test 


The 
te solid 
is fine, white 


49. Calc. for 


chloride and sodium 


stalliza- 


CH,CH 


41.000 


19.900 


38 200 


000 


ound 


) cc) was heated 


2 illyl 


(1g) and dry 
< } was triturated with 


) was heated 


(0-8 g) m.p. 140 143°, was shown to be impure 1-hydroxyxanthone 


boiling acetic anhydride containing l 
yleum ether (b 40-60 ) (Found: C, 


s vitreous cubes, m.p 107-109 from 


acid and recryst illized from petre 
, requires: C, 73-5; H, 4-8°.) 


Manning, J. Chem. Soc. 563 (1957) 


34 
1-Allyloxyxanthone (1; R OCH,CH R R R | 
pot is n card ile (160 a ace 
san lid me e the cte tic ferric chloride colouration of! l-hydroxy 
nt removed from the filtrate id the resid 
(10-1 gave on rec < eum ether b.p. 60-80) I-allyloxyxanthone 
5 - 
96° (M nd Hishmat® give m.p. 86-87") (Found: C, 76-2: H, 
C,H,,0,: C, 76-2; H, 48°) 
| 
vith allyl b nstead of ally 
sag ) By hea 1-A e (2:5 g) was heated at 195-200" (2-5 hr). On recry am 
tion of the fro anthone (1; R OH, R’ = - 
TA Pri XANTHONES AND RELATED COMPOUNDS IN METHANOI 
‘ 38 14. 100 
0,300 
ry 42 
= 60 34,400 
Yar i 
5 a CH,, R I H 3°) btained as fine, yellow needles, m.p. 105° (Feamd: C, 
ee 5-8: H. 48. C,.H,O ¢ ( 62: H, 48 It dec es bromine in carbon tetra- 
f sani ble It also gives a positive 
= : re > t ‘ e (Gibbs Reagent) which indicates that the 
unde lux Acidific cous | c ac 2 N) precipitated 
hydroxy theoretica Recrvst , m fre n inol gave vellow needles, 
m.p CSSCK 
c) B } 
Jae 
pyridine hy cle 
l-Acetoxy-2-a inthomme 
drop of s y phos; 
3-5: H, 5-0. C,,H,,O 
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4’ :5'- (11) 


(a) A solution of 2-allyl-l-hydroxyxanthone (8 ¢) in glacial acetic acid (300 cc) was kept under 
nitrogen and saturated with hydrogen bromide gas (prepared by the bromine—tetralin method) in 
the presence of traces of diphenylamine When the reaction mixture wa “t de in the dark at room 
temp for 5 days 2-/-bromopropy!-1-hydroxyxanthone (6-7 g, . 145-1 eparated from the 

I : 


solution and was used in the subsequent cycliz 


bromocompound crystallizes from 


148—151°, and gives e green coloul aquet 


was cyclized by refluxing in ethanolic ethanol) 


Most of the solvent v removed and ac of wat precipita : ile-yellow 


100-120°) gave 4’ :5’-dihydro-5’- 


g, YO . which on recrystallization (petroleum ether, 


2)xanthone, m.} , Amax 234 (31,300), 254 (39,600), 364 (7,200) (Found: 


H, 4-7. 
(b) A mixture 


(48°, 15 cc) and glacial acetic acid 
mixture in > wal vas boiled in e li ethoxide 


1vdrobromic acid 


le material 


obtained by pouring the reactior 
((0-4 g of sodium in 100 cc of ethanol) for | hr anc *n mos solve vas removed. Addition 
of water precipit ‘ due from which 4 ye (0-15 g, 


20°.) was extracted with hot benzene 


5’ :6'-Dihydropyrano(2’ :3'-1:2)xanthone (111) 


1-Acetoxy-2-allylxanthone (5 g) in lexan tt with hydrogen bromide gas 
in the presence of d sunlight 
for 3 day 


»Otained 


yielded s 


glacial 


2-Formyl-\-hydrox 


4 mixture of eated 
on in ied 


for a further 0-5 


from which prolons tillation re residue which 


moved | 


was repeatedly extr d wit ethanol (10 cc portior One extract, m.] 10’, gave on 
120°) 2 hydroxyxanthone 


repeated recrystallizations (ethanol and petroleum ether, b.p. 100 
(0-02 g), as yellow needles, m p. 186°, Amax 260 (34.400), 310 (10.600), 355 (7,200) (Found: C. 69-8: 


5S 


f 
35 
1 ut er purification, The 
cid or from ethanol as plates or needles, m.p 
(6 } 
methylf 
( O, requires: H, 4:8 ) 
f 2-allyl-1-hydroxyxanthone (0-75 g) bromine-free aqueous al 
yer). 
y 
by evaporation ot the Ihe combined fractions on recyrsta ation Irom aqueous 
methanol furnished 2 yyl-1-hydroxyxanthor el eed p. 125—-126°, which 
gives a green ferric reactio Found: C, 57-5 H, 4:1. C,,H,.O.Br requires: C, 5 H, 4:0°°) 
recryst on tre petroleum ether (b.p. 60-80") gave l-a yxy-2 mopre ar me as 
white need m.p. Found: C, 57:3; H, 42. (C,,H,.O,Br requires: C, 5/7-¢ H, 
A crude mixture of the icts (5 Kept eflux 1 sod 1 ethoxid fro lg of 
: sodium) in ethanol (450 cc) f | Most of ft ‘ nt was « ff and the s then 
166 4-1 &5-5 ) depressed on adi x ture the ric | irano- 
(2°:3'-1:2) xanthone (Fo 5-8: H, 48. quires: H, 4°8 ) 
oacetone (3-62 g) was adde a Stirred 1-hydroxyxanthone (6°37 anny 
drous potassium carb a ) W) ¢ the reactio unde 
4 ) The ye | cil ic ( \ 
xantho 1-75 Re ) f ent ite cte th 
i chlorofor From the « roform solution l-a \ e needies, 
m.p. 172-173° (Found: C, 71 H, 4:7. C,,H,,O es: C, 71-6; H, 
Attempts to ring close 1-acetonyloxyxanthone (cot te shuric or polyphosphoric acid) 
iarting materi Cyc temp by refluxing wi cou (48 °,) and 
acetic acid it LO Ge-« erincation 
xanthone (1; R OH, R CHO, R R H) 
2) 
; 
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H, 3:3. C,,H,.O, requires: C, gives an orange, crystalline 2:4-dinitropheny! - 


hydrazone ind a deep-red ferrt 
ydroxyxanthone gave a red gelatinous precipi- 


derivative. When the Duff 


iamide and acetic acid, 


yxanthone 


efluxed 


1rous 


4 
ne tate \ Brady's reagent which suggests the presence of her fi —“CtisSCSCSC‘iésC, ae 
reaction was ¢ ed out in glyceroboric ac in a mixture of dimethy!| for 
no reaction occurred but us l-acetoxy thone the rest were as for Il-hydroxyxanthone. 
4-Acetyl-|1-hydroxyxanthone 1; R OH, R R H.R Ac) 
-B xy-2-hys VI, 8-9 am obenzoic acid (5-2 g) were 
n te pe W distilled off and more amyl 
xture eflux for 3 | Fina the amy! 
152-154 C, 72:5; H, 49. C..H,,O, requires: C, 72-9; H, 5-0). The 
| We eR ( ‘ oO 
LR » Mr. P. N B.Sc., for a 
4 
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TERPENOIDS—XXXIX.! IRESIN (PART 5) 
COMPLETE STRUCTURE AND ABSOLUTE CONFIGURATION?-4 


CARL Dyerasst and S. BURSTEIN 


Department t Chemistry, W e State | i Detroit, Mic ul 
( Received Fe ar) 59) 
Abstract—The ren ng unc nt n the { of ires (1)—the e al ul 
test ) 1-me R 
EARLIER degradat experiments” fro r Laboratory have shown that the sesqui- 
terpene iresin” possesses structure the absolute stereochemical 
implication) We uld now like to report « xperiments hic estab] 1 CXpression 
1 for iresin and also settle all outstandi stereochemical details 
[he location of an angular methyl group in a polycyclic terpene is usually beset 
with considerable experimental difficulties and we decided to examine a novel 


approach involving bromination—dehydrobromination of ippropriate ketonic trans- 


formation products [he experience gained in this connection has subsequently 
proved also very useful in locating the angular methyl group of the diterpene cafestol.® 
In principle, the problem resolves itself to differentiating between a bicyclic (or 
polycyclic) ketone possessing the structural feature found in III, V or VI. 1 sing 
procedures whic ive been studied extensively in the steroid series.’° dibromination 
cum dehydrobromination of ketone III should lead to the cross-conjugated dienone 


ir methyl group is located at the alternate bridgehead position 


IV, while if the angu 


(VI), a mono-unsaturated ketone (e.g. VII) or a rearranged." linearly conjugated 


dienone (VIII) should result. If the m thyl group is not situated in an angular 


Paper XXXVIII; C. Dies R. M 1 L. H. Zalko J. Amer. ¢ 81, pr 1959 

P i: P. ¢ be. S. Bu iC. Dier B . ( Bele. 67, 632 

Su 1 Dy Db R ch Gra No. RG-38 N | H 

U.S. Public He hS 
Tak P Il e Ph.D S B 

Cc. D W.R L. N F. W. D J. Amer. Ch 6, 

C.D P.S F. W J. A 76, 2% 1954) 

Ap cor ) ) C.D 1S. Burstein 


configu yn by X-1 M.G. Rossma 1W. N. Lipscomb, /bid. 80,2592 (1958): Tetrahedron 
4, 274 (1958) 

> Mar a | ent examples can be found in J. L. Simonsen and D. H. R. Barton. The Terpen Vol. Ill 
Cambridge University Press (1952) 
*C. Dierassi, M. Cais and 

LL. F. Fieser and M. Fieser ’ Products Related to Pi inthrene (3rd Ed.). Reinhold, New York 
(1949): ¢ W. Shoppe Chen ’ i the Ster Academic Press. New York (1958) 


'! J. M. Beaton, F. S. Spring, R. Stevenson and J. L. Stewart, Tetrahedron 2, 246 (1958) 
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with ferric chloride, thus excluding a structure'* 


such as Ila from consideration as a 
possible representation for iresin. 


Monobromination of XI led to (XV).'9 
and infrared“ spectroscopic examination confirmed the equatorial 
line atom, wl represented strong indication” that the 


orey 


ler son 


(1955). isola ketones 
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bromine aton e been ext d 
In order to pr le mor d nt t nor-ketone 
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pi cguct W tral iit I tral \ami- 
nation as we det tion of the opt t dis} curve (see Fig. 1) 
ara clear owed the presence of an d carbor ty. The formation 
of a doub ind plied iy tu d lrobror nic turn f liread tnree 
molar equivalents of bromin¢ tI cuiol l indeed proceeded | process 
of disproporti tion and had lved three equ ents of bromine own by 
the sé | the vai Prod ‘ 1O tne nie XI 
: The ultr: olet absorption maximum at 262-264 n ) 4-09) estive of a 
2.6-dibromo-A*-3-keto chromophore ice such steroids wit xial 6-bromine 
K. Ore. CI 21, 50 C.D D. M Soc. 80, 
R. C. Cook J. 282 (1954 
= R. N. Jones, D. A. R y, F. H g and K. Dot lA ( Soc. 14, 2828 (1952); R. N 
Jones, / 75, 48 
23 A cimilar are ‘ emt C.D M. iL. A. Mitsc imer. Chem. S 
ig if 80, 247 (1958) ctu of 
a Cam and J. J. Ursprung, J. Amer. Ci 78. 5041 (1956) 
different experimental conditio M. Ya i 1 A. Tahar J. Ore. Chem. 20, 959 
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t can be expected to 
structure 
ivdroiresin (X1) 
dine-dimethyl- 
1.4.6- 
‘specially 


d 296 mu 


XVI il d X\ I] could b " ‘nted by 


ydrotesto- 


me conalill ployed abo 


rone acetate (X XI) was obt ined 


f the bromine 


$31 (1950) 
i after that reported 


Soc. 80, 5220 (1958)] 


a 
atom absorb near 250 mu* and the additional methyl! substituer 
produce a bathochromic ft of at least 10 my The co 
XVI is the di- or t product of r-3-dehvdr 
oe was established by the course of the dehydrobi tion wil = 
_ d to rvst prod we at 
trict e torn tion XVII. 1 tent wil tical 
vith ¢ t ahsorntior which exhibited maxima at 224 Ei 
24 . 
rm 
<a I # 
det SOY Steroid 6-trien-3 nes (XIX) absorb at 22. 256 and 
hetween 60 and 6°25 whic ere noted the trienone XVII of the 
iT , 
model experiment the steroid series For this pur] } 
Sterone acetak (XX) ted under the § 
‘ 
ge WE. whereupon 
© in about 50 per cent vield. The axial (f)-orientation (77/7/77 atom at C-6 
C.D G.R kr LR S. K Pataki, J. Amer. Ch § 2, 4534 
wae fn $1) M. I M. A. Romero L. F. Fie Ibid. 77, 3305 (1955) B. Ellis : 
ox 
M F. So vate communication. The esis was patternes 
for 4x-methylcholestar one [Y. Mazur and F. Sondheime J. Amer. Chem. 
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follows from the position of the ultraviolet absorption maximum (263-5 my)*® and 
from the fact that its rotatory dispersion curve (Fig. 1) was very similar to that*! of 
6/-bromotestosterone acetate and quite distinct from that*' of the equatorial 6a- 


isomer. The direct formation of 4-methyl-2.6-dibromo-A!-3-ketones (XVI. X XI) by 


tribromination of 4-methyl-3-ketones (XI, XX) with the A/B ‘rans juncture is best 
interpreted by assuming initial production of a 2,4-dibromo intermediate (e.g. XVIII) 


typical of A/B trans 3-keto steroids'”—followed by spontaneous dehydrobromina- 
tion to a 2-bromo-A*-3-ketone and allylic bromination*™ at C-6. The substantial 
correctness of this assumption was indicated by formation, i od yield, of the 
identical 2%.6/-dibromo-4-methyltestosterone acetate (XXI) by dibromination in 
te (XXII). hese are 


ether—acetic acid solution of -me | ost } acetate 


precisely the conditions under which vields 2x.68-dibromo- 


testosterone acetate 


x XxV 


If the | omine atom had equatorial, t sorption maximun vould have occul 


C. Dieras J. Osiecki, R. Riniker anc ne 80, 1216 (1958) 
? F. Sondheimer and Y. Mazur. . , er ” 5 06 (1 7). We ndebted to Syntex, S. A., 


Mexico City, for a generou ynthesis of XXII 
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Dehydrobromination of acetate (XXI1) with 


collidine—dimethy! formamide proceeded unsatisfactorily and the only pure product 


which was isolated represented partially dehydrobron inated material in the form of 


2?-bromo-4-methyl-6-dehydrote ‘rrone acetate (XXIII), which exhibited a single 
at the expected position (294 mu). However, when 

ium carbonate and lithium bromide 

re was isolated difficultly separable mixture of the 

yne (XXII) and of oily 
The latter was also obtained when the 2-bromo-A**- 
it did exhibit the charac- 

shoulder) and 306 mu. 


aviolet 


XVI and 
only possible if 


not pel mit 


n experiments 
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iresin (1), 
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iresin and 
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soiresin (XXVIIT) which 
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ydrogen occurred from the same side 


rroup. Dihydroiresin upon treatment with 
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This requirement is easily 
nto the alternate one, a confor- 
ned the ozonolysis of I 


* This experiment wa tually nducted on the corresponding diacctates 


4? 
+ 
: 
Furthermore, its crystalline 2,4-dinitrophenylhydrazone had the expected ultra 
Bue’ urthermore, its crystalline 2,4-dinitrophenyihydrazone had the expected ulll 
} 
apsorpUl mia I atl mul 
oe eer The above reactions leave no doubt about the correctness of structure 
ot 
ct eee XVII for the formation products of iresin and these, in turn, are only ae 
the sesquiterpene possesses structure I. The alternate expression Il docs 
iormatl of a double bond between positions 4 and 
fee With the structural situat settled, it is now possible to examine in detail the eS 
—— relative d abs e stereochemistry of the molecule. The brominati ‘a5 
stror | ra ns ctu! nd t is pported by the rotat 
oe results disc d be l bsolute representation I, a tra ae 
a matic defines the stereochemistry at C-3 and C-4, since it has alread , 
out ¢ that ter acetal XXV, produced” by ozonolysis of 
ce req ; that 1 C-3 drox roup, the 5-6 bond and the C-13 substituent all eee 
hen Ba m on de of ring A. Evidence for the equatorial nature of the ¢ -3 Be a 
hydroxy of iresi esented zt rmation* of dihydro- 
ires KXVIT) in the diun dride reduction of dihydroiresone (XXVI) 
Le thus defining the re e cK urat of four out of the five asymmetric centers of 
ires 
group, we t stereo-formula XXVII for 
IS CISSIT ed e course OF the catalytic di 
also yielded*= d droire (XXVII)* and it ts 
oe tion on the catalyst riace and hence entry ol 
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R. Joly t. B Fr. ¥ 1958) 
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base at room temperature is isomerized? irreversibly in excellent yield to isodihydroi- 
resin. Since it has been shown®’ that this isomerization involves only inversion of 
configuration at C-8, then if one accepts expression XXVII for dihydroiresin, IX 
follows automatically for isodihydroiresin. Inspection of these structures immediately 
offers a rationalization for the driving force in this isomerization, since in the unstable 
dihydroiresin (XXVII), the carboxyl group of the lactone is axially oriented. In the 
stable isomer, isodihydroiresin (IX), this is now equatorial thus relieving the strong 
1,3-interaction between the axial angular methyl group and the carboxyl group in 
dihydroiresin (XXVII). This inversion appears to occur prior to opening of the 
lactone ring, since it has been observed”* some isodihydroiresin can be isolated 


by direct chloroform extraction of the aqueous, alkaline solution before acidification. 


We can turn now to a consideration of the absolute configuration of iresin, which 
was settled entirely by rotatory dispersion measurement.*” In Fig. 1, there are 
reproduced the rotatory dispersion cury n 3-de roisodihydroiresin (XI) 


those of 4x-methyldihydrotesto- 


and of its bromination product XVI her with 
sterone acetate (XX) and of 2«.6/-dibromo-4-methyltestosterone acetate (XXI). 
rhe latter two compounds represent standards of known absolute configuration and 
the relative configurations of the two pairs (XI vs. XX; XVI vs. XXI) are identical as 
far as the bicyclic systems are nce As has been demonstrated by us in a 
great number of examples,” his condition is sufficient—barring unusual confor- 


mational distortion—to produce identical signs and similar shapes he rotatory 


disperst yn curves if the relative ;¢ absolt nfigurations are iden On the 


other hand. if the relative configurations are identical but the absoh ‘onfigurations 


are opposite, then mirror image curves will be obtained and this is exacth e situation 


| 


which is observed in Fig. 1. This is supported further by the rotatory dispet n data 


ntal) of 4-methyl-A!*:°-androstatrien-17/-ol-3-one acetate (XXIV) and 


(see experime! 


of the corresp ng trienone XVII of the iresin seri here Cotton effects of opposite 


sign are in observed. Otl i rotatory dispersion curves al iven in our 


earlier paper- and the entire rotatory dispersion evidence is overwhelmingly In favor 


: 
| 
| 
1 | if 
~ 
CH 
XXIX 
~H-OH 
HO 
Footn 
See C. D B Ci 57) fi st cart yut in our Laboratory 
or re tur ind ‘ 
Diet iD. M |_ A r. 80, 195 
C. Dierassi, D. Mars! d T. Nak | r. Chem. S 80, 4853 (1958) 
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of the absolute representation I, which is the mirror image of that found among the 


steroids and most of the higher terpenoids 


[resin (1) and its naturally occurring relatives* dihydroiresone (XXVI1), dihydro- 
(X XVII) and isoiresin (XXVIII) represent the first group of sesquiterpenes 
fol t] sopret keleton XXIX his particular bicyclofarnesol skeleton 


and methylated form in 


link between the 


Subsequently. another 


» follows this 1so- 
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of purity as the very character c infrared adsorption spectrum 
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(c) From 13-nor-3-dehydroiresin (X1)." A 56 mg sample of the nor-ketone XIII.” was hydro- 
genated in 20 cc of ethyl acetate at room temp and atmospheric pressure in the presence of 50 mg 
of 5 palladized charcoal catalyst. Filtration of the catalyst after 1 hr, and evaporation to dryness 
left the crystalline 13-nor-3-dehydrodihydroiresin (XIV) This was equilibrated without further 
purification by keeping at room temp for 20 hr in 7 cc of methanol containi ig 50 mg of 
Dilution with water, acidification with HCl, extraction with chloroform an ‘ ration left 
of crystalline 13-nor dehydroisodihydroiresin (XI), v “xh ted m.] ‘ * after recrystal- 
lization from pent ine—acel Identity was esta ! idence of the infrared spectra and 


rotatory dispersion cul vith those of ; , en prepared according to procedure (a) 


2-Bromo-13-no 


zerische Teering 
under refiux fo 


peared After coo 


romato- 
ne solid 


t of the analy il scime wh was stallized 


to constant melting point from ine-acetone; m.p. 164-168 * 224, 250 (shoulder) and 
296 my, log ¢ 4-16, 3-96 and 4-12, 5-60 (s), 6°01 (s), 6-09 (m) , and 6-23 w (w).” R.D. 


* For comparison, Ut I il pec 


This experiment wi: by Dr Nussbaum 


andr rien ne acetate was measured 


ant region (s), 6°08 (m), 


trum 
under the same condition the follov 


6°15 (s) and 6°25 (shoulder 


3 
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dibromo | me XVI 154-15 (dec) (dioxane) 262264 1 og 4-09 
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n dioxane 0-04) S68 | 4368 x] 44 1605", al 
3182 (Foun ( +25: HL, C,H, ,O, require C, 73-02: H, 613°.) 
XXII). 4-Methyltes XXI1)"* (100 mg) 
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vidence for assignment of configuration at 
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methanolysis, 
at of an wah rial ester. Wheras cevadine- 
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the basic catalyst. In the - acetate, which is 
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whe remaining asymmetric centers of 
cevine which now can be magresented completely by formula Il 
Ca Orie co uration a as 5 Cents 
ton) ) | of the ic a master©rtt nterreia msi ip ol degradation 
io ae products.* | orientations at ¢ ( C. and C, are related to C,, as shown in = 
a formula Il by the steric rec ts of the peculiar cage-like structure of the A/B we 
HO tT ~ HO " 1 
On 
C.0 vacet XX) requires 2-a +-hydroxy! groups have 
t at , \ ented (Ss above) The 
the cet XVIII and XXI cates the 2-orientation of 
( rac both the ¢ D orthoacetat [hese 
acetal p at ( ed by acid 
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a “a 
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i? ( ra att Prior to the present study the hydroxyl group at [i 
ot t thanolysis compo tylated Is position.’ 
lhe susceptibility of the 
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maces is found to exceed 
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after 20 hr in dilute metha 
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of cevine to serve as 
A. Sto i E. Seebeck. H Ch 38, 1942 (1952) 
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undoubtedly x-axial/y-oriented® exhibits reactivity comparable with the C,, acetate 


vine derivatives. The facile methanolysis of germitrine [IX:R! = (1)-2- 
methylbutyric 1 (MB); R* Ac; R d)-2-hydroxyl-2-methyl butyric acid 
(HMB)] to germerine (1X R} MB: R H; R HMB)*'® and of neo- 


oe germitrine (IX R R Ac: R MB) to germidine iA: oR Ac; 
vr Sa R? — H; R* = MB)are noteworthy examples of this phenomenon. These two cases 
A 
‘ 
N 
‘ 
| £ 
H 
| ( acetal es bits abnorma sceptibility to 
Gern to XI: R=Ac) is readils 
| ed ) i j R H ind nine 
16-nent ite (XTi: R \ ransformed by met to th 
‘ 
i S. M.K R.N lA 81 
eau: as 2H. B. Henbest and B. J. Le ( & Ind. 278 (1956); J. Chem. S 1965 57) 
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-axially-oriented,® which requires, on the basis of a 1,3-diaxial facilitation, a 
-axial-orientation of the C,, hydroxyl. It is therefore attractive to postulate identical 


disposition of the C,, and C,,, hydroxyl groups in cevine. The following experiments 


establish this point 


Hydrogenation vine 3,4-diaceta e* (XI11) over platinum proceeded 


stereosclect vely 3 liacetat (X1\ The molecular model of the 


ketone shov tnat U 18S MI 1 ie ninderead than lace [or pproach to the 


give a f-oriented hydroxyl 


catalyst Wiillet 


-D-orthoacetate-4-ac 
tal (XVII) 
XVI is confirmed 
(XVII). In order 


with lead tetraacetate at a strikingly faster rate than cevagenine-C-orthoacetate (XX), 
which suggests that the hydroxyl groups at C,, and C,, are ¢ is-disposed in the former 
and trans- in the latter. Since the C,, hydroxyl group is undoubtedly «-oriented 
(see above), the configurations are established as XIX and XX, respectively. 


: 
Ac 
ep D-ort cet XVI). 1 ict 
to p, b pin D-orthoacetates were submitted to 
1} hy 1 | acid to effect rearrangement 
Lo Oa 6-Epi \ cetate (XIX) was found to react 
: cela 
AN 
2 
‘ x xIV 
4 
} 
xx xx! 
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Configuration at C,, Cy, and Now with the establishment of the -configuration 
of the C,, hydroxyl group in cevine, the /-configuration may be assigned to the C 


20 


hydroxyl group—a point concerning which there has been considerable doubt.” 4:13 


The cis-1,3-diaxial disposition of the C,, and Cy, hydroxyl groups requires, in turn, 


that rings D and E be trans-fused, which, in view of the established «-orientation of 
the hydroxyl group at C,, (see above) requires /-orientation of the hydrogen at 
C,,. A similar argument has been advanced with regard to the orientation at C, in 
germine, namely that the cis-1,3-diaxia/ relationship of the substituents at C; and C,, 
requires that the hydrogen at C, be /-oriented.* At each of the asymmetric carbon 
atoms common to both veracevine and germine which have been discussed up to this 


point (C,, Cy, Cs, Cy, Cro. Crs, Cay, Cag. Co) the configurations at the common 
asymmetric carbon atoms are identical. It is considered reasonable to assume that 
the configuration at C, in cevine is the same as that in germine and all other natur- 
ally occurring steroids 

We have noted that the C,,-hydroxyl group of 16-epicevadine-D-orthoacetate 
4-acetate (XVI) is relatively resistant to acetylation. This fact is consistent with the 
x-equatorial-configuration for the methyl group at C., which is held rigidly eclipsed 
with the ¢ 


1, #-hydroxyl group and accordingly exerts serious crowding 


Configuration at Cy. The foregoing considerations provide a basis for assigning 


coniigurations to thirteen of the fourteen asymmetric centers of cevine Only the 
assignment of the configuration at C,, remained, and this proved to be our most 
difficult task 

In the hope of obtaining a carbinolamine for hydrogenation studies (of the 
iminium salt), veracevine D-orthoacetate triacetate (XXII) was oxidized with 
N-bromosuccinimide.’”? A dehydro compound was obtained which e\ 
the bridged oxide structure XXIII for the following reasons. (1) The infrared 
spectrum of the dehydro compound in Nujol showed no absorption in the hydroxyl 
region. (2) The 16-acetate group survived prolonged treatment with methanol and 
triethylamine, an indication of the absence of an axial hydroxyl at C,, to facilitate 
methanolysis (see above). (3) That the N-bromo-succinimide reaction did not lead 
to introduction of a carbonyl group was demonstrated as follows. Because XXIII 
would be expected to isomerize to the 4-keto compound (see formulas III — IV), it 
was considered necessary to operate in the alkali-stable cevine series. Cevine 
D-orthoacetate triacetate (XXVIII) was oxidized with N-bromo-succinimide to give 
an entirely analogous dehydrocevine D-orthoacetate triacetate (XXIX). Alkaline 
hydrolysis of XXIX afforded dehydrocevine D-orthoacetate (XXVI) the infrared 
spectrum of which exhibited no absorption in the carbonyl region. (4) Chromium 
trioxide—pyridine oxidation of XXIII afforded a neutral product in 35 per cent 
yield, evidently the formamido ketone XXIV (see below). The same formamido 
ketone was obtained directly in 12 per cent yield by similar oxidation of XXII. 

lhe structure of the formamido ketone was shown to be XXIV as follows. Upon 
exhaustive acid-catalysed hydrolysis XXIV yielded five mole-equivalents of volatile 
acid; one mole-equivalent of formic acid was found among the acids formed. The 


18K. Macek and Z. J. Vejdelek, Nature, Lond. 176, 1173 (1955); Coil. Czech. Chem. Comm. 22, 253 (1957) 
4S. M. Kupchan, D. Lavie, C. V. Deliwala and B. Y. A. Andoh, J. Amer. Chem. Soc. 75, 5519 (1953) 
'® ©. E. Edwards, F. H. Clarke and B. Douglas, Canad. J. Chem. 32, 235 (1954). 
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infrared spectrum of XXIV showed a band at 6° 


attributable to the formamido 


In order to detect whether a carbonyl group was introduced in the course 


e elected t tu he alkali stable (see abov 


Ald \\ 


of XXIX 
XXX 


52 
rrespom or! Th subd ay onosemicardaZon 
iro of XXX gave the « et amido-ketone In 
i 
~ 
ris 
| 1 t — 
ON te art lations XXXI 
‘ and XXXII for the respect produc iv tx ded basis of the following : 


The configuration of ce 


evidence.* (1) The formamido ketone derived from cevine readily formed a semi- 


carbazone. This bel ior is consistent with structure XXX which is expected to 


Sno\ 


whic 


W 


RR7 


W 
is fT) 


normal ketone reactivity, but not with tetrasubstituted | ie structure XXXII 


h would be expected to react very slowly, if at all he formamido-ketone 


active methylene group reactivity in the Zimmermann test 3) Upon 


ion with furfural the formamido-ketone gave an amorphous 


etone.!’ (4) The formamido- 


Zimmermann 

(1954) 

S. Johnson, B ant ay ‘ 6331 (1956) 
H. R. Barton aweett / 2137 (1954) 


‘ 
: 
u 
ShOW 
product, , my, Characteristic of a furfurylidenc 
keton leri 1 from Vagenine-( rthoa tal liace like 
Se < e derives cevagenine orthoacetate diacetate was, like the parent 
oi: 2a alkaloid, stable to lead tetraacetate The compound with structu e XXXIITI is expected 
, 
to sno Ul ability because t integrity Of the rigid ans diaxial glycol system at 
JOL~ C,;, Cy is maintained during cleavage of Ring F. A product with structure XXXIV, 
on the other han uld be expected to eave readil' ith glycol-splitting reagents 
=CH 
( | as as t ne 
sO ind Ca] uD VE d 
ef 4 ling dehvdro 
detailed ; se sp ( I UD i Note- 
ketone XXVII exhibited a sharp iracteristic of met 
C.D.S. { UV c.p.s. corrected [or ) ) vhich corresponds to 
4 
Resolution NMR S 1 12 M S V-K 3506 F Stabilizer 
i are employed he NMR ob from | olutions « ompou ques could be 
oe ee a pyrid is NOt Deen co dered to De a reliaDie star ird solvent for NMR spectroscopy, N. F. ¢ amDeriain 
inalyt. Chem. 31, 56 (1959) 
16 
Mayo, J. Chem. Soc. 
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the methyl group of a methyl ketone.'® The spectra of the precursor compounds 


showed no significant apdsorpu 
The bridg Cl Oxide ure » dehydro bases requires that the 
hydrogen at rmula XXXVIII h ve stereochemical 
integ! was presery jurin xxide formation was demonstrated 
ole- 


ihe product 


veracevine-D- 


ROCNR 


H 
ROCNR 


bited, the carbinolamine 

asic properties because of the 
er-oxygen atom on the neighboring 
bases (XXIII, XXIX) of the present 

work appe: be | texan of suc inolamine cthers that are resistant to 


cleavage to nium salts by aci T h hlorate of dehydroveracevine-D- 


orthoacetate triacetate (XXIII) failed to show the infrared absorption characteristic 
ne-D-orthoacetate triacetate 
M. T. Roberts, J. Amer Chem. Sox 


J. Chem. 30, 608 (1952); K. Wiesner, 
76, 6068 (1954) 


= 
: 
4 
ef levdro-areation (one mole equivalent uptake) of XXII, namely = 
lihvd wtho tate tr tal 
a It is of interest 1 ot ut tl wrthoacetate cage structure is not required for 
hle bridged rbinolan ther Thus cevine tnacetat was 
oxid with N-hromos le toad ydroc e triacetate entirely analogous 
to hstanc orthoa i ersion th 
ae hror trioxide—p to a fo do c mula XXIV) was also 
the ort tal 
j imin | rs of th ty pe 
like carbinola wuld be expected to exhibit basicity 
structure can cleave 1 the alcohol (ROH) plus the 
' ( NR carbinolamine cther system 
(s] irt, t XAAN (p/ lS) and of i omer garryine 
ink ced basicity alkaloids as compared with 
tl wrespond AXAVI (pAa 6°55) 
: 
j 
~y 
ae 
4 
ee R. Armstrong, M. F. Bartlett J. A. Edwards, J. Amer. Chem. S See 
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of ternary iminium salts and failed to undergo substitution by cyanide ion.*! In 
accordance with expectation, the basicity of XXIII (cf. XXXVIII) (pKa’ 3-8) was 
strikingly weak compared with that of the alkaloid XXII (cf. XXX VII) (pKa’ 7-4).* 


It is not known whether the proton prefers residence on the oxygen or the nitrogen 


atom in the salts of these bridged ring oxido-bases, but their unusual stability may be 


attributed to unfavorable bond angles (in violation of Bredt’s rule) required in the 


yn of the iminium cation (see formula XXXIX). The 


transition state tor formats 

foregoing is not an mply preclusio! of the possibility tl the barrie of this 

high energy tran ditions 


bean rar 
Microanalys 
logy on sampies 
cf. N. J. Leons 
* H. Bloom and l gos. J. Chen Soc : 
K. Wiesner. S. Ito and Z. Valenta, Experientia 14, 167 (1958) 
Schlittler and H. Uehlinger, Hei Chim. Acta 35, 2034 (1952) 


*> Footnote 29 on ref. 17 


P. Hauck, Jr., J mer 79. $279 (1957) 
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o base (400 mg) in methanol (10 ml) 
n was evaporated at reduced pressure 
150 mg of starting material. The acetone 
nsion was extracted with 

rystallized from aqueous 

the same 


H, 6°48; 


ne (0-1 ml, ca 


ipressure 


and 


vas washed 
ad residue was 
brown insoluble 
from benzene 


GO7 u 


(N O). (Found , 60-59 7-17. Caled. for C,,H,-O,,N: C, 60°94; 


In a volatile acid de tination®* 19-95 mg of the formamido ketone yielded an amount of acid 


equivalent to 37-15 ml of 0-003999 N sodium thiosulfate; calculated for four mole-equivalents of 


acetic acid and one mole-equivalent of formic acid, as expected for structure XXIV, 36°16 ml 

Formic acid formed during acid hydrolysis of the formamido ketone was determined by reduction of 

2* 4. Stoll and E. Seebeck, He Chim. Acta 3%, 189 (1953) 

29 B. Nieder! and V. Niederl, Micromethods of Quantitative Organic Analysis pp. 257 262. John Wiley, 
New York (1942) 


q 
ae The methiodide was Pp epa ed by treatment of the dehy ‘ 
with methyl iodide (2 ml) temp. After 12 hr the 
aa and the residue was crysti i7ed qucous acetone 
was evaporated, water and a oniun e were adde 
ro ee chloroforn The residue obta y evaporation of the c 
ee acetone to give colorless needles (180 mg), mp. 250-259 a 
aad solvent e the methiodide. m.p. 244° de 62° (c. 2-00, py.). (Found: C, 52°67; a 
N-meth 2-08. Calcd. for C, 52°88; H, 641; N-methyl, 
two mo eT ¢ ZU | o aryne COUCC 
te save 225 mg of p. 277-279° dec 
bromide pellet) of the two s cS WeTe 1c 
ne-D-ort! re XXIX 
As D 6 g) p. 300-303 dec. in oform (100 mi) 
XXIII and the residue 
? f ( 56-25 dec 
co 00 n C. 63-62: H 14 Caled. for C,.H,-O,,N: C, 63°90 
D ‘XIX, 2 257° dex 
ak KOH (20 er (. ) an 
4 } 1 fre me nol to 
vie cok » 2 ( 2-00. p (Founc C, 65-41 
»2 Calcd. for C..H.O.N: ¢ 5-52: H 8; acety 
Formamido ketone (XXI\ ron D 
m.p. 254 < ‘ pre} 
(14 2) and pyridine (14 10 om temp with occasional 
ee haku W oo f 100 1 ite nia of | 1) wet ide 
hed of he chloroform | 
with wat nd bat it reduced pressure The highly ce 
dissolve n acetone—pe eum ether (b.p. 40-60 ), filtere remove some rec 
soli na Coord Ihe crvyst ne Pron ct thus ¢ was recrystallize 5 
o np. 263-264" de 2-02, diox.); Am 
H 
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mercuric chloride and gravimetric determination of the calomel formed.*® (Found: 0-88 mole- 
equivalent) 

Tests for active methylene group reactivity were run as follows: (1) A Zimmermann test!* was 
run by treating the formamido ketone (ca. | mg) in 2 N alcoholic potassium hydroxide (1 ml) with 
1%, alcoholic m-dinitrobenzene (1 ml). A strong purple color developed within 10 min. Veracevine- 
D-orthoacetate triacetate (XXII) and it iydro derivative (XXIII) gave no color when treated as 
above. (2) Furfural (0-1 ml) was added a solu f the formamido ketone (10 1 1g) in alcohol 


ixture was 


(2 ml) and 15 sodium dre le soluti ! After 30 min at room t np, the m 


extracted with chloroform and the loroform lution was washed wit! sodium bisulfite 


solution and wate l pora iryness at reduc pressu giving a yellow amorphous 
residue, 7 318 m ttribut o a furfu lene groupi atment of XXII in a similar 


manner afforded a morp | luct with no significant absorption in tl ltraviolet 

(b) From dehydroveracevine wthoacetate 1 etat solution of the dehydro compound 
(XXIII, 350 mg), 277-2 d \ added to t comple Or hromium trioxide (700 mg) and 
pyridine (15 ml), and t [ ture was trea is in the pr IS EXD en Che formamido ketone 
(XXIV) obtained rystallizat rom ac ne—petroleum-—eth p. 40-60°), amounted to 


140 mg, m.p. 262-264 


Formamido ketone (XXX) 


(a) From ce th fate triacet vine- rthoacetate t *tate g), m.p 
300-303 dec. in pyridir ml) wa dded to th plex from ch n trioxide (36 g) and 
pyridine (250 ml), and the mixture was treated as in t previous ex] nent rmamido 
ketone (XXX) crystal! 1 from aceton e eul (I in the form of clusters of 
prismatic needles (1-2 smatic 
plates, (1-09 g), m.p. 287-2 d | 52 2 py.) ound 60°98; H, 
7-08. Calcd. for 

In a volatile acid determination mg of the formamido ketone y led an al int of acid 


ivaients of 


equivalent to 26-0! 


acetic acid and one mo c lent ¢ d ¢ d for structu 2 2 


ml The 
compound gave trong p tive test fe { ! e { ip reactivity immermann test 

The uicarbazor prep by treatr to in dilute ethar th semicarbazide hydro- 
chloride and sodiun a e alt re p i al nt reaction m oncentration 
under a stream i rystallizat 1 tro yueou thanol atlordec lor needles, m.p 
273-274 dec. (Foun 5 93 Ilex 57-90: H. 6°75: 
6°93 

(b) From dehydrocet fat friacet iehvdrocevine D-othoacetate 
(9-4 g), m p 256-257" d pyridi nl) with the mplex from chromium triox de (19 g) and 
pyridine (120 ml) as above afl 7-0 ¢ of tw recrystallized rmamido ketone XXX, m p 
287 288 dec 


formamido Ketone derived fre ale l iceltale 


{lkaline hydrol\ sis of tie 


To a solution of the formamido ketone XXX (5 g). m 2 2 *c. in methanol (40 ml) was 
added 20° sodium hydroxide solution (5 ml) ind the wxtu was all “i t tand at room temp 
overnight. Water (25 ml) was added and the solution was extracted with ch rm. The chloroform 


extract was washed with water (10 ml) and the residu ained on evaporation at 


reduced pressure 


was crystallized from acetone. Recrystallization from acetone > lork needles (2:3 g) m Pp 
259-260° dec. +22° (c, 2-00 « 585 6-07 (Found , 61°66; H, 7-24. Calcd 


for C, 61-80; H, 


Formamido ketone (XXXII) derived from cevagenine-C-orthoacetate diacetate 


Cevagenine-C-orthoacetate diacetate’ (18 g), m p. 2 285° dec. in pyridine (100 ml) was added 
to the complex from chromium trioxide (36 g) and pyridine (250 ml), and the mixture was treated 
as described above for XXIV. Crystallization of the crude product from acetone petroleum ether 
(b.p. 40-60 ) gave prisms (4-0 g), m.p. 252-254° dec. A further recrystallization from 95°% ethanol 


*° J. R. Dyer in David Glick, Methods of Biochemical Analysis Vol ; 31. Interscience, New York 
(1956). 
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prisms (2:5 g), m.p. 253-255 dec 83° (c, 2-26, diox.). (Found: C, 
Caled. for C,,H,O,.N: C, 61-1 H. 7-00°.) 
e In a volatile acid dete or 22°23 I oduct yielded an amount of acid equivalent 7 
to 13-745 N osulfate ¢ | cc wile-egul ents of acetic acid 
is ected as The fo ketone (500 mg) 
‘ 
140-210 
| 
vic ) ( ( 
Is 
0 min. 1 ove for XXII from chlorof 
‘ p. 292-294" dex Re 
94-295" de 200 
cry 
(250 293-295 dec. in acetic acid 20 m)) 
30 n ‘ nt and atmosphe 
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cevine triacetate 
ict which was 


e coloriess 


16, diox.) 


a 
61 
heh Formamido ketone derive from cevine triacetate : 
03-304 dec. by the procedure described above for XXIV afforded a 
jag ed from acet sive 1-04 g of product. Recrystallization from acetone cava 
10.2% hor sintering fram 162°: 31° (ce 2 
H ( cd. for ¢ H,-O,.N(CH.),CO: 9-70: H ) 
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THE STRU¢ RE OF KOGAGENIN, A SAPOGENIN 
FROM DIOSCOREA TOKORO, MAKINO 


ARIYOSHI SHIMAOKA 
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Abstract 
iD 


Ri 


Wit 


( on parisc 
1()-9f an 
tate (IIb) still shows a hydroxyl 
nin is assumed to be a 25D- 


le (X11). The triacetate (IIb) 


absorpt 
tetrahvdre spirosu rac an acctonik 


was not al \ romiu trioxide—pyridine oxidation and was very casily 


dehydrat C..H,.O,, (IITb) th thionyl chloride and 


pyriain nu I has one cis-x-glycol (or less likely, a diaxial | ,3-glycol) 


group and a tertiary hy lroxy! function 

The catalvtic hydrogenation of the above-mentioned anhydrokogagenin triacetate 
(IIIb) gave important evidence for the structural elucidation of this sapogenin. Thus 
when the Illb was hydrogenated catalytically with platinum oxide tn acetic acid it 
953-255 


gave two saturated compounds One of them, having a melting point of 


was identical in all respects with tokorogenin triacetate (IVb). Based on the analytical 


(195R) 
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Th solated from the epigeous part of 
fig ger as ch SD.Sp-spirosti ol (1Va), that ts yaroxy- 
cidatio the structul f kogagenin, an uncharacterized sapogenin of 
K pyridine), melts at 318-322 (dec.) and gives a 
band or a solates ry hond put re 
i¢ intensities OF ‘ ick lic adsorpuio ane 
| 
oO om that kogagenin is a 25D (iso) sapogenin. As the tria 
and Tokuo Kubota, Chem. Pharm. Bull. 6, 5 
presented at the Symposium on Organic Natura] 
Yakugaku Zassi 77, 822 (1957) 
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ect com- 

1 

imong tne 
daerivative 


LS x-hydroxy- 


From the results tl onstitutio | wagenin Is 1 Vv estal f ‘ 


tokorogenin 


In order to determi! tion the fourth, tertiary hydroxyl group, the 


bond in anhyd kogagenin acetate (IIlb) was examined The 


location of the double 
or C-8(14) Was excluded since the 


possibility of the double bond being at ¢ ( 
hydrogenation of IIIb with platinum oxide tn acetic acid proceeded smoothly without 


migration of the double bond.’ Osmium tetroxide oxidation of IIIb followed by 


cleavage of the resulting diol (V1) with lead tetracetate gave an amorphous product, 


which not only showed an absorption band at 5-85 u due to the six-membered ring 
ketone in the infra-red spectrum but also indicated the presence of an aldehyde 


*R. E. Marker. R. B. Wagner, P. R. Ulshafer, E. L. Wittbecker, P. J. Goldsmith and C. H. Ruof, J. Amer. 


Chem. Soc. 68, 2167 (1947) 
*L. F. Fieser and M. Fieser, Natural Products related to Phenanthrene (3rd Ed.) p. 240 (1949). 
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3-ketone (XIII) cl 
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(D) the Ira-red spectrum ol is compound showed absorption bands at 2-96 u : 
(nyaroxy!) and at and (con ited unsaturated ket ) al he ltra- 
violet absorption maxin 1 appeared at 254 n og 4-13) with a small shoulder 
at 2YU m 
Consequently, kogagenin can now be defined as | 
of the ydroxyl 
nd it seems likely that 
> inctureé : 
Pee kano at Wayne State | versity through the : 
ed 1? of the A*-3-kete XIV) however, 
eae (XIV) it was confirmed that the A‘-3-i 
iffect the itory dispersion curve of XIII. Rotatory 
3-keto steroids can be found in the review article of C, 
5 
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More convincing evidence for the A B ring cis-fusion was achieved by experiments 
described below. Kogagenin acetonide (XII) did not condense with phosgene under 
the usual conditions, thus indicating the lack of a 3x,5a-glycol grouping. On the 
other hand. it was now found that the acetylation of kogagenin under mild conditions 

in excellent yield the rresponding diacetate (XVI). It can be assumed that 
these tv hydroxyl groups ts equ itorial from the ease of acetylation 


ure with the 5f-hydroxyl group. On the basis 


of these observations, th e diacetate (X V1) should be 25D-spirostane-1 2 


$8-tetrol 2.3-diacetate and thi ( idense phosgene to yield a 


e (XVII), as expected seems approp! 


10w from Dioscorea 
tokoro been ma lez iogenin, tokoro n and kogagenin are respectively 
dihydroxy-. ihydroxy- tetrahydroxy-sapoge id at th ! time all 
3a-hvydroxylated ywenins, whil liosgenin, is a 3f-hydroxylated 
sapogenin. It furt nter ono hat kogas n has not been isolated from 


1 


the rhizome ol nlant.’” while diog a *n isolated from the epigeous 


part of the plant Also, according lorita.’’ quantitative analysis of sapogenins 


in the rhizome of Dioscorea tokoro showed that this plant could be divided into two 
varictics; in one variety the sapogenin component being mainly yonogenin and 
tokorogenin, while in the other being diosgenin 

It should be noted, however, that the biogenetic relationship between 3a-hydroxy- 


lated sapogenins and 3/-hydroxylated sapogenins, and the reason for the particular 


location of diosgenin and kogagenin in plant material is unknown 


© M4. Yamagishi and I. Nakamura, Chem. Pharm. Bui 
7 K. Morita, Abstract of the Symposium on Organi tura ducts of the Chemical Society of Japan, 
101, (1958) 
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EXPERIMENTAL 


All melting points are uncorrected. Ultra-violet absorption spectra were measured 


ethanolic solutions with a Beckman DU spectrophotometer Infra-red spectra were determ 


with a Perkin-Elmer single-beam instrument, Model 12C, in Nujol mull ( 


iniess otherwise sta 


etate (IIb) mixture of kogagenin (600 mg), acetic anhydride (6 ml) and pyridine 


lized from 


H, 8:50. ¢ 


Kova n acet ‘ wxtur i KOgagenin ). one (500 ml). benzene 


Arte neutl 


sodium b 


H, 9-30. ¢ 

Dihvdrotol 
in glacial acetic acid 
for 4:5 hr at 70-80 
recrystallized from methanol, m.p. 167-169", 3 ‘ (hydroxy! 
band) but no spiroketal bai 10-19, 10-90, 11-10 and (Found H, 9-17 
C,,H,;.O0, requires: C, 68:72; H, 9-09") 

Treatment of l11b with osmium tetroxide. Osmium tetroxide (350 mg) in benzene (10 ml) was 


added to a solution of [fb (300 mg) in pyridine (5 ml) and stored in the dark for 53 hr at room temp. 


The mixture was saturated with hydrogen sulphide, the precipitate was filtered and the filtrate 


a 
67 2 
aa 
4 
¢ 
Kogagenin 
iy ne oe (3 ml) was refluxed for 2 hi he product, isolated with benzene in the usual manner, was recrystal- ; 
methanol to give m.p. 249-252’, 26 (c 1-0, chloroform). (Found: C, 67-09; 
requires: C, 67-09; H, 853°) 
(20) ml) 
with 
The extract was washed wit wate aried p ed The resulting crystalline residue was 
chromatog! p ed on a nina (15 nd elutior benzene—c (] 1) nd vil oro- + 
form furnished crude acetonide (316 mg), Vv C is recryst ed from cli rorm—metnano! to 
give prisms 260 mg). m p 273-275". 23° 1:15. chlorof m). (Fouwnc ( 71-490 H. 9-75 
re es: C. 71:39: H. 959%) 
2. >The ¢ form-methanol (1 : 1) eluate from the above chromatogram gave unchanged koga- 
21 
vas washer e ed ie ng 
for Rosenhe +; H, 94 2 19-48%) 
ae Cate fillb. As itl 00 cetic ac shaken 
cataly vas ered, ec ecrys ed 
fr ‘ : i< << 
(c 1-0. chlo m). Ide confirme point 
det nfra-re na ( 69-2 Hi ( f ( H..O. 
C, 68-96; H, 8°77 
Sap of 1Vt ecrysta ive 
After concentrating the 1 he r ot C e acetate, the residue itographed 
on a to), | oO! th pe eu ethe ne (1 1) aff ed al Sn f 
wi vit ) ber ene ul ene 1) ce j a We (V) 
(35 mg), which was recryst ed from me ol giving needles, m.p 169 40° (c 1-0, 
chloroform). Identity specime! lescribed be v) prepared from authentic tokorogenin 
: a; acetate was stablist i hv a mixed mp nd the respective infra-red spectra (Found ( 68 Ve : 


68 Ken icut TAKEDA, TOKUO KuBoTA and ARIyYOsH!I SHIMAKOA 


evaporated to drvness vaci Crvstallization from ethanol vielded the triacetate -diol (V1) (150 mg). 


m.p. 252-254 , [a] 44 (c 1-0. chloroform). (Found: C, 65-34: H, 8-40. C,,H,,O 


requires 
of VI (100 meg) in § al acetic acid (10 ml) lead tetraacetate (0-7 g) in glacial 
the mixture was diluted with 
sodium carbonate 
insuccessful 

| 


snowed 


strong intra ketonic band 


al 20-onm 
er reflux 

1 on crushed 
icid (3 mil) 


lor 2 nt 


ton was 


requires 


\*-en-3-ol 

bath) for 45 min 

washed with 

oily residue 

1 sample 

ure and infra-red comparison 


nchanged 


after treatment with 


the romium trioxide—sulphuric 
acid—acetone solution for ut 15 was not oxidized by refluxing for 6 hr with aluminium 


isopropoxide and cyclohexanone in toluene 


Oxidation of koe ’ etonide (XU). X11 (120 mg) in pyridine (3 ml) was added at 0 to the 


complex prepared from chromium trioxide (150 mg) ind pyridine (1 5S ml) and the mixture was 
allowed to stand at room temp for 16 hr The product was extracted with ether and crystallized 
from methanol to give the crude ketone (XIII) as needles, m.p. 189-191 (dec.). The structure of 
XIII was supported by the infra-red spectrum having strong bands at 2°84 and 5-76 ~, but the co- 
existence of a small amount of the -unsaturated ketone (XIV) was also indicated by bands at 
§-93 and 6:16. This was also shown by the ultra-violet absorption at 246 my ( 1,670). This 
sample was used for the determination of the rotatory dispersion curve (Fig. 1), since further 


recrystallization brought no alteration in this ultra-violet spectrum 

A solution of the crude ketone above (80 mg) in petroleum ether—benzene (1 1) was absorbed 
on a silica gel column. Elution with benzene and with benzene—chloroform (9 : 1) and recrystalliza- 
tion of the eluate from acetone—hexane furnished A‘-25D-spirostene-1{,2/-diol-3-one acetonide ( XIV) 


(54 mg) as needles, m.p. 193-198", ARS 246 my, log ¢ 4-10. Further recrystallization from methanol 


A 

acetic acid (20 m 

ws produ PAVE 

a 

acet IX). (450 pyridine (. ) and acetic de (2 ) was heat 

ice and the product cted ether. Chro (0-3 g) in 80°, ace 
i ae vas added dropwise . on of the furosten (VID) cetic acid (9 ml). After stirring 

it emp, the mixture ed ter and extracted with ethe The ether 

oc washed d carbs ol d water and evaporated leaving a g y solid which 

was sap cd ct KOH Atte e-ac vil wcetic anhydride—pyridine 
(refluy ) the p vy chromatography, f wed bv recrvst ition from aqueous 

ethanol: vield 95 mg » 150-152 168 0, chloroform), 239 mu, log 4-00 

(Four C, 68-45, H, 7°65. requires: C, 68°62; H, 7°68") 
\°.25D-S tene-1 1,2 f e (X) a ct (X1) from anhydro-triol 
oe (iifa). Hl 160 mg) was re xed for ¢ cetone (30 ) containing oluenesuly c acid on 

yo (10 The solution was neutralized with s bicarbonate s on and concentrated undet ae, 

ed ywessure Ihe produc \ cle nm cine ind the ex ct washed with water and 

ae After rem of the solvent, the crys ne residue was chromatographed on alumina. The coger 

fractions | ». eluted th pe ether—benzene (9: 1) yielded the diene 

ace e (X1) (see below) The next fractions, elutes etne benzene (4 ltol 1) 
A i. on recrys on fre ethanol! furnished e acetonide (X) (93 mg), m.p. 208-210 , | 61 fae 

(c 10, roto ) Found: ¢ 4:26: H, 9-51. C,.H,O, requires: 4-0 H, 946°.) 
The diene-acetonide (XI) on crys ation fro mec inol showed m.p. 162 
(¢ 1-0, chloroform) 236 my, log 431. (Found: C, 7682; H, 965. 

ata C. 76-88: H. 9-4¢ 

Del atic \°-25D-spirostene-1 al | .2-ace e (X) 
(X) (80 ), pyridine (4 d phosphorus oxychloride (O°5 g) was 
oa The solution was poured on crushed ice and extracted ethe 

‘ dilute H¢ sodium Dic bonate solution and wate ried and ev 
(50 me) Crvst it n f ne nol gave needles (15 mp 1 

of the diene (X1) by-product in acetol ition described above by admuix 
ttten The A*-en-3-ol (X) was — 
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gave the analytical sample with the following constants: m.p. 197-200, [x]» —100 


(c 1-0, chloro- 
form), Ae" 246 mu, log 4:15: AX“? 5-93 and 616”, no hydroxyl absorption. (Found: 


C, 74:74; H, 9:04. Cs 9Hy,O; requires: C, 74-34; H, 9-15%) 


To the crude ketone above (20 mg) in methanol (5 ml), was added 10 aqueous KOH (0-5 ml) 


The mixture was diluted 
with dilute HCI and extracted with ether The ether 


and the mixture was kept at room temp overnight with water, neutralized 
ract was washed with 


eX 


water, dried and 
Ihe crystalline residue (15 mg) was recrystallized from acetone giving leaflets of 


\!.4.25D-spirostadien-2-ol-3-one (XV) showing the following properties ; 


evaporated 


102 


OY 3 } weak shoulder 


(c 0-36, chloroform): / 2:96, 6°09 and 617 uw: / 54m 
at 290 m reddish-purple colour with alcoholic ferric chloride solution. (Found: C. 75-81: H.9-06. 
C,-H,.O, requires: ( 16-02 1, 

Refluxing of A’: *-3-on-2-ol (XV) ith o-phenylenediamine in ethanol gave a quinoxaline 


e (XVI). Kogagenin (98 mg) was 


derivative, orange-yellow needles, n 


added ‘ tt chloroform (4 mil), 
i ing nignt a m the sapogenin 


aisso 
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H¢ sodium bicarbonate solution and water and evap« ed to leave a ct 
chloroform—methanol gave scales of the diacetate (XV 


chloroform). (Found: C, 6 


ne. XVI (80 me (6 ml), 


The 
The 
ned at 


idded, 


m.p. 169-172 


rofo 
»H,,O, re 
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band. (Found 


omatograpti irnished, after 
recrystallization trom probab mpure 
starting material 


icknowledzements rely th SSOr i for providing us with the rotatory 
dispersion curves and 
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ha 
re »(172 
yStalline residue (123 mg) 
1) (87 mg), m.p. 275—277°. 
[x]; C, 67-85; H, 8-82°%). 
Reaction of XV\ with phossc 
a ae may about | mi of the chloroform was removed by distillation and c Py rine (4 mi) was ad 
a mixture was cooled to 1S and a 10 phosgene—toluene solution (12 ml) added dropw ; 
eae temperature of the reaction mixture was slowly raised to 15 during | hr and iS maint 
15-20 overn eht Atte destruction of the excess pl osvene with ice Vater and ether were 
or and the ether layer was washed successively with dilute HCI, sodium bicarbonate solution and water, 
te a dried and evaporated The g umy residue was chromatographed on alumina (2 g) and the benzene 
ae eluate (56 mg) was crystallized from acetone—hexane and then from methanol vieldir y prisms (37 mg) i 
of 25D-spirostane-1 3 tetrol 1,5-carhonate 2.3 rT e (XVII), [> 2 
* 
(c 1-1, chl 5-66, 5.72, 8-08, 8:19 and 8-40 no hydroxy| 66-57: 
H, 8:35. ( res: C, 66°87; H, 8-07%) 


ISOLATION AND STRUCTURE OF THE FLUORESCENT 
SUBSTANCES FORMED IN THE OXIDATIVE REACTION 
OF ADRENALINE AND NORADRENALINE 
WITH ETHYLENEDIAMINI 


LAIRD 
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f ethylenediamine 


ympound gives deep red non-fluorescent solutions, 


basification. However! acid solution is boiled 
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for a few minutes and then basified, a less soluble dehydration product is obtained. 
This is the fully aromatic pyrrolo-quinoxaline (1X), and this dehydration can also 
be effected with acetic anhydride. 


Run on paper tanol—water), III has R, of 0-69, identical with that of the 
-running green fluor t spot described by Burn and Field ‘se authors 
showed that 7 iol extré he oxidation mixture gave another slower- 
running ¢ 37) ha \ w fluorescence h aterial was absent 


from our ethyl acetate extracts, 1 repetition x ‘nts using butanol 


as extractant we al rved thi nd product in addition his material 


proved very intractable het reatment and we have t as yet been able to 
obtain it in pure form \ e have been able to show that it is not identical 
with adrenoluti 3. 5.6-1 \ y-i-n ylindole) ha not a reaction 
product o 

Attention was next turn idrenal he conditi 
and Field as plima aUuloxrid I n pH 
ethyl 
crystalline 
and a blue fl 
formula ¢ 


sucl 


re dily be 
(VIIT) with 
ated 


product 1,2,3,4-tetrahydro- thracene The 

formation of this compound from catechol via o-ben; inone and an intermediate 

such as VI does not present any particular chemical difficulties, following a not 

unusual pattern of quinone—amine condensation, and the same e of its formation 
from 2,5-dihydroxybenzoquinone 

However, the formation of VII from noradrenaline is highly unexpected and 


requires comment We interpret the reaction as follows: the first stage is the formation 


> 
+ (CH>. NH.) 2H 
Me N N N N 
Me Me 
P 
a 
ib Mh), composition cannot be simply derived from the reactants. Weil-Malherbe 
and Bone obset eq il under the est ion condit ns Catec! Pave i strong 
fluorescence d repetition of this work on a preparat scale we found that 
3 the sar uct (U.V. and I.R. spectrum and behaviour on h ) is obtained from 
4 llé adil fia Fit Wi | na if il¢ Cal F 
obtained in quantity by 1 reaction droxybenz none 
ethvienedian ein hot US Sé e presence ol a clea 
4 that the empirical fort d be doubled to C,,H,,N,, and that trahydrotetra- 
aza-a race! structure was prob ou agistril yadrogen 
atoms in this system \ ot immediately clear ce at least ten alternative possibilities 
can be written ihis matte ttled as diaminoquinoxaline (XI) 
was synthesized by treating 1.2.4.5-tetra-aminobenzene wit . bisulphite 
The U.V. spectra of this yellow fluorescent compound and of the tet drotetra-aza- 
anthracene are ven | Fig d ang tne { \ pectra the CUIOUTICSS icety] 
derivat sin Fig. 3 The verv clos orresponden disnlaved mal { te clear 


1. and A. H. Lamp 


Run on paper (butanol-water), the tetrahydrotetra-aza-anthracene had R, 0-65, 


corresponding very closely to the fast-running product (R 0-64) reported by 
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Burn and Field. These authors also reported a slower-running (R, 0-24) weak 
spot derived from butanol extracts of noradrenaline-ethylenediamine reactions 
mixtures, but this we were unable to find. Although stable in the solid state. the 
tetrahydrotetra-aza-anthracene is photo-sensitive in solution, and on illumination 
the fluorescence disappears and the initial bright yellow colour becomes pale brown. 
This effect—presumably a result of photo-oxidation—is extremely marked in very 
dilute aqueous solution, the fluorescence disappearing in a few minutes on exposure 
to bright sunlight. This is undoubtedly the explanation of the findings of Goldfien 
and Karler’ concerning the sensitivity t ight of the radren le estimation 
These authors also noted that the adrenaline estimation was not light-sensitive and 
in agreement with t we find that solut the pyrrolo-quinoxaline (III) are 


quite stable t lu tior d luorescer es not decay. A further consequence 


iS that tograpl ) ild be conducted 


one (XIV) 


prod ict (TET) 
iS autoxidi 
which gives rise 
of II] was never 
formed at all 

Ihe chemistry of the tetrahydrotetra-aza-anthracene (VII) was further examined. 
On heating. the material does not melt, but decomposes at about 300° giving a small 
amount of almost colourless crystalline sublimate. This material gave analytical 
figures corresponding to a molecular formula of Cj>H,N, and its U.V. spectrum 
resembled that of phenazine. The same product was obtained in better yield when 
the tetrahydro compound was dehydrogenated with palladium-—charcoal in boiling 
nitrobenzene. Evidently this product was fully aromatic 1,4,5,8-tetra-aza-anthracene 
(X), and formed almost colourless long needles giving pale yellow non-fluorescent 
solutions in water and ethanol and orange-yellow solutions in mineral acids. The 


4. Goldfien and R. Karler, Science 127, 1292 (1958) 
* J. D. Bu’Lock and J. Harley-Mason, unpublished 


>» 
e dark. 
aiso investigated the Denaviour Ol adrena | in the et 
7 aoe reaction. In tl ase reaction proceeded very slowly and 5 hr heating at 90 
was required to produce al mount of fluorescent iterial We isolated 
| a the product and und a tha was the tetrahydrotet iza-anthracene (VII). 
I} was « nterest nce t fori ion mechanism discussed above ts not applicable 
In this casc¢ es tt Cac ere involves Slow Oxidative degradation 
_—s. with loss of carb d de. W ed « rmed that prot techuic acid does 
reaguy and rapid e wit and this aging 1s 1 surprising 
in view of the fact that the act wn e o-benzoquinone with decarboxylatio1 
aa on chemical oxidation. It 1 be notes p that on mec tic grounds 
, , 
adrenalone might be pected nd tine oO! Kidation, Dut 
numerous attempts to achic thi p eq unsuccessiul, thou the reasons 
failure are not ob 
ca. 7 Under norm dition dation, no trace of VII could | ound in 
PAS experiments with adrenaline er, In one autoxidati experiment vhich 
f, = the mixtur d been heated for 3 | nd then left standing f several days, 
a Le a small amount of Vil w is isolated in ddition to a larvet mount of the n rmal 
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ethanolic solution was photo-sensitive, like that of the tetrahydro compound, but 
in this case, on illumination, a yellow colour and an intense green fluorescence 
developed. The tetrahydro compound dissolves in mineral acids giving deep red 
non-fluorescent solutions, and a dark red dihydrochloride was characterized. 
Fluorescence spectra of III and VII are given in I ig. 4. 


4 preliminary account of some of this work has been given earlier.’ 
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Oxidative reaction of noradrenaline with ethylenediamin 


L-Noradrenaline bitartrate (250 mg) was dissolved in a 5 iqueous solution of ethylenediamine 
(125 ml) adjusted to pH 11 with H,SO,. The mixture we sated to 60° for 2 hr while a stream of 
air was drawn through it. The cooled solution was extracted with ethyl acetate (6 50 ml), the 
extracts dried (Na,SO,), and concentrated to small bulk. The concentrate was chromatographed 
on an alumina column (10 cm 1 cm), the yellow band eluted with ethyl acetate, and the eluate 


J. Harley-Mason and A. H. Laird, Biochem. J. 69, 59P (1958) 


Oxidatit action of ad Nain wilh 

¥ 
. (a) t-Adrenaline (1 g) s dissolved in methanol (150 ml) containing formic acid (1 ml). Silver 
Gum (5 ¢) was added, and the mixture shaken fo The red solution of adrenochrome thus 

Gained was then filtered, and ethylenedias (7 ml) added Alter standing for 10 min, the ‘ 
aa solution was diluted th water (500 ml) and extracted with ethyl acetate (15 100 ml). The 

ee A combined extract ere dried (Na,SO,), conc ted to small bulk, and chromatog: led On an 

alumina column (15 cn lec I 1 of t right ww band w et! cetate—methanol 
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RING-ISOMERIC CHANGE IN ISOFLAVONES 


SYNTHESIS OF 5,7-DIMETHOXY-6-HYDROXYISOFLAVONE, 
MUNINGIN AND 5,7-DIHYDROXY-6-METHOXYISOFLAVONI 


M. L. DHAR and T. R. SESHADRI 
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Abstract 
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RING isomeric change in flavonoids, tl ly-Moser rearrangement! has been 


investigated in detalii in recent years rearrangement takes piace with chromones 


tla nes in Strongly acid Medium Dut does not proceed Satisiactoril 


conditions” and 


Seshadri a l vo 


ne can be 
isomer! potash 


isomeric 


tuted in the 


5.8-Di ydroxy- /-methoxyisofiavol \ tne controlled de- 


methylation of 5.7.8-trimethoxvisoflavone with hydriodic id. It tsomerized in 
alcoholic potash giving poo ‘Ids of 5.6-dihydroxy-7-methoxy-isoflavone (II)®:‘: 
: 


better yields were obtained in a hydrogen atmosphere 8-Benzyloxy-5-hydroxy-7- 


i ic 


methoxyisoflavone (III) obtained by the partial benzylation of the dihydroxy isoflavone 
(1) gave satisfactory vields of 6-benzyloxy-5-hydroxy-7-methoxyisoflavone (IV). It 


was then methylated to give 6-benzyloxy-5 limethoxyisoflavone (V) which on 


debenzylation with hydrogen nd aney-ni | gave 6-hydroxy-5.7-dimethoxy 


isoflavone’ (VI): hydrochloric ¢ was unsuitable since it produced demethylation in 


the 5-position 
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( Rece 1959) 
GEE Pom the more read ible 5,7,8-substituted isoflavones 
a.nd y in the case of 
4 
This iS uselul Decause the tormer 1s more easily prepared. This method 
co ae change has now been applied for the synthesis of a few isoflavones substi 
OE ae 5.6.7-positions and belonging to the types occurring in nature 
R ~ 
er 
OR R 5 
IR R, H:R CH Wk R H; R, CH 
ili, R H: R CH,; R, C.H IV, R H: R C.H.; R, CH, 
V,R =R, = CH,:; R, = CH 
= R, =CH,: R, =H 
99 


M. L. Duar and T. R. SesHapri 


For the synthesis of muningin. the intermediate 2-hydroxy-3,4,6,4'-tetramethoxy- 


phenylbenzy! ketone (VII) was prepared by the Friedel and Crafts reaction using 


1.2.3.5-tetramethoxybenzene and p-methoxyphenylacetyl chloride Ring closure using 
formate and sodium ‘thod® vielded 5.7.8.4'-tetramethoxyisoflavone (VIII) 
partial demethylation with hydriodic acid” gave 5.8.4'-trihydroxy-7- 
one (1X). Benzviation gave 8.4’-dibenzyloxy-5-hydroxy-7-methoxy- 
h isomerized into 6.4 
ether (X11) and 


natural sample’ and also that 


EXPERIMENT 


vethoxvisoflavone’® (1 g) in alcoholic potash (100 cc. 2°.) was 


cooled to 0°. acidified with HCI and the precipitated isoflavone 


72 = 
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benzviation vielded muningin (XII1), identical with the 
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collected and crystallized from alcohol; colourless 
an authentic sample* 222-224 
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After 


ana crystaiized | n alcoho 


coo 


collected 
(0-6 ¢) m p 268-270 (d) with sintering at 


and was easily soluble in aqueous sodium carbonate (Found 


C, 64-0; H, 4-0°,) 


uS SOGIUM 10¢ 


alcohol 
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silky needles (0-15 g) m.p. and mixed m p. with 


300 cc) was treated with benzyl chloride 
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ind was sp ngly soluble in 5° 
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The 


hydrogen 


methox 
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Itgavea green 
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methyl 
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cetor p carbor en vas obtained as sm tane 
4 prisms ‘4 55 rave with ferric cli nad was if mn 
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C. 66:2: H, 5-3; C,,H,.O, requires: C, H, 
avonc (Vill, | g) in acetic anhydride (10 cc) was heated with 
‘ sealing and decolourizing with sulphurous acid, 
yielding pale yellow rectangular plates of the 
240°. It gave a green With 
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he iS left in t oO the oily ketimine hydrochloride 


shed with ether, dissoly i wale ine sonutvion owed to remain at TOOT tet ip for 2 hr 


and finally heated at 100 for r. On cooling the ketone separated out as a dark oil. It was extracted 
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with ether and the ether solution washed with aqueous bicarbonate Subsequent extraction with 
aqueous sodium carbonate (10°) and acidification of the extract yielded the ketone as an almost 


colourless solid which crystallized from benzene-light petroleum mixture as long prismatic needles 


(Sg) m p. 101-102 It gave ; ldish violet colour with alcoholic ferric chloride (Found: C, 66-1: 


H, 5-4: ¢ .H,,O requires , ) 


7-Hydrox visoflavone (XV 1) 


XV (2 g) was cyclized using methyl formate (40 cc) and powdered sodium (1 ¢): the isoflavone 
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ed fro ethan i buries 


sintering at 240 It was 
iqueous sodium h : ind i 1 Ca mate but gave no colour with ferric chloride 
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STEREOCHEMICAL IMPLICATIONS IN SESQUITERPENE 
BIOGENESIS 


HENDRICKSON 


Abstract 


en for undisciplined 


SWISS 


rpene 


lar ve 


terpene biosynthesis 
iately activated simple 
to farnesol (11),* the 


vields farnesol 


simp! conversi 


ud 


without anv change in oxidation state and with its double bonds all anchored at the 
tertiary carbons initially occupied by the hydroxyl in mevalonic acid. Farnesol ts 
from natural sources as a complex mixture of double bond isomers, but !t 1s 


assumed here by analogy with squalene that the original farnesol produced from 


isolate 


penes 


ginal 


He him. Acta 38, 1890 (1955); L. Ruzicka in 


265 mbridge University Press (1 156) 


P.d 1) 11, 189 (1957) 
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Enelish. R. A. Massy-Westropp and H. Smith, Proc. Chem. Soc. 233 (1957) 
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group of Ruzicka rst in an oft il and authorita e presentauion ot the entire 
n ind then in the elegant conception of triterpene and steroid biogenesis* 
which must rank aS a model the critica approac to this speculative reaim Wi cn 
is Made po bie DY the application ol modern react eory and the stereocnemica 
limit plicit in it. An attempt made here to apply this approach to sesqui(¢C 
ee biogenesis, extending the ideas of Ruzicka’ and Barton* on the involvement of Il as 
ee rings in order to incorporate stereochemical features “— 
It now seems clear that the actual isoprenoid unit utiliz 
a. oO is mevalonic acid (1),* three molecules of which (or an app } 
derivative) can self-condens with decarboxylation dire 
H 
YH 
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mevalonic acid has the trans central bond. However, it is known that the allylic 
double bond can be found in both cis- and trans-orientations, via anionotropic 
conversion through nerolidol, the corresponding tertiary allylic alcohol. It will be 
argued below that cis-farnesol (Ila) or trans-farnesol (II) is a reasonable precursor 
for cyclization to all the cyclic sesquiterpenes 

The lowest and most common oxidation state of the cyclic sesquiterpenes is the 
same as that of farnesol, implying that the cyclization proceeds without oxidation and 
triter- 


t process from that occurring in squalene cyclization to the 
to involve 


hence is a differen 


penes. The biogenesis of the sesquiterpenes from farnesol 1s considered 


ionization of the allylic hydroxyl and cyclization of one of the other double bonds to 


the cation thus formed. Thus, we may envision that one of the isolated double bonds 


can assist in the ionization of the allylic hydroxyl if its z-electt 
coiling the overlap | he gen ne 7 I f the allylic 
hen collapse by solvent attack or deprotonation to give 


the products expected from neutralization of the simple cations (II1) through (VIIT) 


cation 


to our purpose, for even if the cyclization is considered to 


* The detailed mechanism is not germane ul 
be a simple displacement of —-OH by the z-clectrons of the double bond, the stereochemical requirements 


to be discussed will be the same 


- 
> 
trons-Fornes 
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If we now consider in detail the various possibilities of cyclizing cis- and trans- 
farnesol. we can see that utilization of the central double bond is only possible with 
cis-farnesol. and that both electronic and steric factors combine to favor the inter- 
mediacy of the cation (II1) rather than (IV). The monocyclic 6-ring sesquiterpenes 
do in fact all have this skeleton and generally possess the same pattern of oxidized 
sites on the skeleton, as in bisabolene (Illa), which simply derives from (IIL) by 
deprotonation 

The question of utilization of the terminal double bond is more interesting. Models 
make it clear that cis- and trans-farnesol can each fold in such a way as to allow 
cyclization to products of the four intermediate cations (V), (VI), (VIL) and (VILL) 
Furthermore, each of these ions has a single, unique conformation dictated by maximum 
z-overlap and minimum steric interference in the process ol attack by the isolated 
double bond on the allylic alcohol. The cis, 10-ring cation (V) is, however much more 
strained than the I 1-ring cation (VI) and the models suggest that the latter will form 
by preference, 1.c., steric rather than electronic control of the cyclization. From 
trans-farnesol, the cation (VII) is sterically as well as electronically favored over its 
rival (VIII). Thus the large body of sesquiterpenes which arise by cyclization involving 
the terminal bond can be shown to arise either from cis-farnesol via (VI) or from 
trans-farnesol via (VI1) 

Models of the cis-cation (Vla) reveal two interesting features: (a) the double 
bonds are not very close to each other for internal cyclization: and (b) one of the 
hydrogens on C, is turned inside the ring, lying somew hat between C, and the cationic 
Cy». Examining the various ways 1n which the cis-cation can be neutralized, we find 
first that simple loss of a proton vields (IX), R H,. which fits the known facts for 
the sesquiterpene humulene. and suggests the cis and trans orientation of the double 
honds as well. the models indicating clearly a trans double bond at Cy ,» as shown 


The ketone (1X), R QO. is thus zerumbone. with the same cis-frans-trans geometry 


sredicted for the double bonds s-cation can also be neutralized by attack of a 


double bond on the C,, cation; the conformation of (Vla) allows this ont with the 


A?-3 double bond (the A®* bond is blocked by the “inside” hydrogen at C,) and a 


- 
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concerted loss of hydrogen from the C,-methyl group yields carophyllene (X) directly, 
its known stereochemistry (trans-fused four-membered ring and trans double bond 


at C, -) a direct consequence of the conformation of (VI). Finally, the “inside” 


hydrogen at C, can undergo a |,3-migration* to relieve its strain, yielding the ion (XI). 


lhe conformation of (X1), depicted in (X1a), is such as to provide considerable overlap 
of the z-electrons at C, with those of the all 


to the cis-fused bicyclic ion (XII) will be facile. The geometry of (XII) is such that 


ylic carbonium ion at C,, so that collapse 


C, is close to the double bond at C,-C,; although the electronic preference would 


now dictate the formation of a C.-C, bond, this process would yield a highly strained 


four-membered ring in a polycyclic system. Hence we may reasonably expect instead 


involved al 


J. D. Roberts, ¢ and H. Saunders, Jr mer 4501 (1954), and references 
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a cyclization to the ion (XIID), which, rewritten as (XIV), will be recognized as a 


[2,2.1]-bicycloheptane derivative capable of neutralizing the cation by rearrangement 
tion to the ene (XV). Thus the conformation ol 


and deprotonat 


ymplex substances in all stereochemical 


occur together in 


only se squitter- 
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clos¢ ) Te nV ci t { ‘ tila att 
The cationic center now resides out on the pendent tsopropy! ul May O¢ 
hydrated or suffer t furtl extensive lation ¢ acter of the pene 
a cetenes of can be shown to e from (VII). Taking simple hydration 
of ch t us pict itions (XVla-d) ely equiva It 
ry | X Vi | b na ft xX Vil | if) | R | SIMPpIC 
icid-catals n or ROH for an oxidative cyclization reminiscent of those 
m terne ne SCT \ Live ) rv a conce;>rtct ation requir 
HC 
/ 
H 
Xvit 
3 
4 
oe 


Stereochemical implications in sesquiterpene biogenesis 


all the new bonds formed are parallel, as indicated by the heavier lines in (XVIla) 
and (XVIIla). The product (XVII) derives from a completely Markownikoff-oriented 
polarization of the two double bonds, whereas one double bond must polarize in an 
anti-Markownikoff fashion for the production of (XVIII), a situation akin to the 


C-ring cyclization of lanosterol from here because of 


n squalene* and allowable 
compelling proximity of the double bond 

Product (XVII) is the direct precursor of eudesmol (XIX) and the * sesquiter- 
penes of that skeleton (santonin, cyperon tc.) and n complete accord with the 
chemistry of that gro rthermore, a 
lemol (XX) 


lene 


direct six-membered-1 
Product (XVII})ist 


in 
ala pi 


XXITD) 
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represents the known stereochemistry of f-vetivone (XXIV) and presumably vields 
the few other vetivazulene skeletons in nature, whereas (XXII) yields only the 


lones. by the following means. (XXII) is considered as (XXV) (oxidative 


eremop! 
cvclization) which reveals the ideal anti-parallel geometry for a multi-group 


earrangement (indicated by arrows) of the sort so Uramatically exemplified in 


fnedelin chemuistr Such a migration viclds (XXVI). which may isomerize to the 
more stable ketone (XXVIII) This in turn. by side-chain dehydration as well as 
oxidation of either en vields eremophilone (XXVIII). hydroxy-eremophilone 


(XXX), and hydroxyd dro-eremophilone (XXX). all three of which are found to 


coO-cXIst In nature the stercochemisty ol (XXX) iss Known to be as indic ited 


Finally. we might reasonably expect examples of uncyclized (VII) to be found in 

natural sources suc monocyclic sesquiterpenes would predicted to undergo 
facile cyciuzauons of ti e sort postulated nere biogenesis bicvclic 


derivatives of (XVII) and (XVIII). This expectation has recently been realized. Thus, 


pyrethrosin has been shown to possess structure (XXXI) and to cyclize under a 


variety of acidic conditions to give such products as (XXXII). Two other sesquiter- 


penes unequivocably monocvelic. deserve attention here. The first ts germacrone, 

said to possess structure (XXXIID).° The biogenetic hypothesis outlined here dictates 

(XXXIV) as the simplest structure for germacrone consistent with the experimental 

evidence. In accord with the views developed above, this accommodates readily 

the observation of Treibs* that germacrone yields (XXXV) on acid catalysis and 
J. Corey and J. J. Ursprung. J. Amer. Chem. S 78, 5041 (1956) 
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the obtention® of selinane (XXXVI) on catalytic hydrogenation, in acid, of the 
alcohol corresponding to germacrone. Of similar interest is the observation that 


dehydration of the latter alcohol followed by hydrogenation yields elemane (XX XVII). 


Both pyrethrosin and germacrone afford cham- or guaiazulene on dehydrogenation, 


y formulated as (XXXVIII)."° The 
hypothesis imphes instead the structure (XXXIX). Costunol 


lide yields on catalytic 


as does the final example. costunolide. recent! 


XXXVI XXXIX 


hydrogenation in acid a saturated tetrahydro-lactone 
formulate as (XL), an 


of tetrahydrodeox' 


m.p. 154 
one (XL)is1 


known to possess 


we would 
n fact the structure 
m.p. 153-154 These 
hypothesis in 


ilogous to(X VII) above [he lact 


-santonin, which ts 
examples will serve to 


indicate the utility of the 


considerations of 
sesquiterpene structures 


Vote added in proof 


The absolute stereochemistry is in fact enantiomeric with 
the structures drawn here. in those cases in which this is known 
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STRUCTURE MOLECULAIRE ET ACTIVITEI 
OESTROGENE—XVII 


COMPARAISON DES CONFIGURATIONS ABSOLUES DES ACIDES 
BISDEHYDRODOISY NOLIQUE NORMAL ET «, ¢-DIMETHYI 
-ETHYL ALLENOLIQUE PHYSIOLOGIQUEMENT ACTIFS 
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a,a-diméthyl #-éthyl allénolique I, a pu étre dédoublé en ses antipodes.’ L’acide 
gauche est le plus actif physiologiquement (activité 1,5 y) bien que l’antipode droit 
posséde encore le cinquiéme de cette activite.* 

Il était intéressant, dans le cadre de I’étude générale que nous poursuivons sur les 
rapports entre la structure moléculaire et le pouvoir oestrogéne, de comparer les 
configurations absolues des acides physiologiquement actifs dans ces deux series 
différentes. 

Cette comparaison est, en effet, possible grace 4 la synthése que l'un de nous a 


déja décrite bri¢vement* et qui permet le passage de la série allénolique a la série 


doisynolique 


L’ester méthylique de l’aci racemique I], est transformable, soit ar soda- 


tion SulVvic de PONTICAatl n. n acide %.%-dll alicno- 


lique I, soit: 2° par sodation su allylation, en acide bisdéhydrod nolique 
normal racémique, en passa! les intermédiaires suivants derive allyle , acide 
ester V. v-Celo estel VI et acide 

Dans les mémes conditions [este ethyl le l'acide /évogyre Xg (R = H) 
conduit d’une part a | le diméthyléthylallénolique ryre XIlg (R H), et 
d’autre part a lacide ( -bisdéhydrodoisynolique XVIId, en passant par lester 
z-allylé (voir Table: 

Voici quelques details sur ces reactions qui établissent la filiation entre les acides 
des deux séries 


L’action suivant Réformatsky de |’x-bromopropionate d’éthyle en presence de 


zinc, sur le oxy-2 propionyl-6 1 h fournit un carbinol VII, qui peut 


étre déshydrate, hy éné et saponifie e n mélange d’acides x-méthyl /-ethyl 


allénolique isoméres X et XI, précédemment décrits par l'un de nous avec Jacques. 


Cette activite peut 
doisynolique, ou la molec 
J. Jacques et A. Horeau, S Chim. Fr. 16, 301 (19 
*R. Gay, C. R. Acad. S 1 242, 3084 (1956); These ctorat d’Etat té des Sciences de Paris 
(en impression aux Anna le Chimie) 


A. Horeau et J. Jacques, Bull. Soc. Chim. Fr. 15, 707 (1948) 
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L’un de ces acides racémiques X (R H) fond a 110°, l'autre XI (R H), a 137°. 
Ils peuvent étre séparés par chromatographie sur alumine du mélange de leur ester 


methylique, suivie de saponification. Cependant, Lam-Chanh-Binh et Jacques® 


ont etudie les produits ethyleniques VIII et IX resultant de la deshydratation du 


carbinol VII et defini des conditions précises d hydrogenation permettant lobtention 


a volonteé et de maniére pratique, de melanges riches en chacun des acides X (R = H) 


et X1(R = H), melanges a partir desquels les acides eux-mémes peuvent étre obtenus 


a letat de purete par recristallisation. 
L’acide X (R H) F. 109° (Tableau A), peut tre dedouble en ses antipodes, 
Xg (R H) et Xd (R H), F. 98°, [x] 23°. La quinine permet lisolement de 


acide gauche; et les eaux-meéres du sel de quinine de cet acide gauche fournissent, 


par acidification et extraction a lether, un melange riche en isomeére droit qui est 


purifie par l'intermediaire du sel d’ephedrine gauche 
L’acide XI (R = H), F. 137°, peut étre dedouble en ses antipodes XIg (R = H) 
et XIld (R = H) par un procede identigq 5 


jue, F. 133°, [x] 5 


L’acide Xg (R = H) est transforme en ester meéthylique par traitement au diazo- 


methane, et l'action d'une solution etheree de triphenylmethyl-sodium sur cet ester 


(voir Tableau A) suivie de l’action de l‘iodure de methyle, conduit, apres saponification 


de lester obtenu, a l'acide «,z-dimethyl /-ethylallenolique gauche XlIlg (R H) 


F. 142°, [a] 23°, identique au produit de Jacques et Horeau.” Nous avons 


vérifié que, dans les mémes conditions, l'acide Xd conduit a l’acide x,x-dimethyl 
p-ethylallenolique droit XIId (R H Par ailleurs, acide Xlg conduit a acide 
z,2-dimethyl /-cthylallenolique gauche XIlg (R H) 

Le dedoublement de l’acide z-methyl /-ethylallenolique X (R H), F. 109-110", 


peut aussi s effectuer par l‘intermediaire des esters -menthyliques facilement access- 


ibles, 4 partir du chlorure d’acide chauffe sous azote 4 60° avec du /-menthol. 


* Lam-Chanh-Binh et J. Jacques, en impression 


Te 

4 

is 
: 

H one 
COO CO 
> + | 

CH,O0 H 

CH CH 

COOH COOH 

"H.C 

+ Xig 

2) @.CNo 
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On separe pat cristallisation fractionnee dans le methanol, les esters /-menthyliques 
des deux antipodes, soit I 1 36 | + | ] 


cile et s ‘effectue 


emploi du 


ati acs 


ut conduit 


if 
4 Cependant, le retour aux E@libres par la saponification, qui cst dif 4 
a temperature clevee, s accompagne dune erisation du carbone en « de la 
4 fonct acide et on opbtient ul meng a icides ciastcrcoisomeres Xe 
(R H) et Alg (R H) | Ce fait pas a rejeter | 
ry +t in iid nent niet Ter met! 
esters met gues du d acides brut decrit plus ha 
u ric Th “ay cl reas rer une Col irat on 
unique ct d ex Par ailleur uicoviati es esters p x R CH ou 
R CH pie dium etd renure d alcoyle 
CH \ tio res 
esterifica vit part eX R H) soit a partir de mélange des 
acides Xg (R = H) et Xig(R = H 
meres Xlllg (R H t XIV (R H 90-9] 
4 ylic pare raj al XIilg (R = CH,), F. 45-4 
et AlVge (R CHy,), F. 
Les nf rat patia de ces acides (n malice pour le 
5 (Tableau B), l’acide XIVg (R = H t un acide bisdéhydrodoisynolique de la ia 
q 
> 
“+ 
| F<140° 
¥ 
[ F =160° | 
XVI of KV 
. } j te odtenus Pp ilielement ct par un procede ident a 
part XIN 
a L'u * que les acid es XIV et XIII conduisaient par cette méme série de 
transformation respec acid vacliques iso ot Nera 
R. Gay et A. Horeau, Bull. Ci Fr. 955 (1955) 
i 
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L’action d'une quantité calculée de permanganate de potassium en solution 
acetonique et en presence de sulfate de magnesium sur lester XIVg (R = CH,) 
fournit l'acide-ester XVg (R CH,); celui-ci est purifié par l’intermédiaire de son 
lique que l'on soumet 1¢ saponification selective par de la baryte. 
er XVe2(R ,) ainsi purifie conduit au céto-ester XVId (R = CH,) 

hlorure de phosphore (le chlorure 


Ce mode 


lacide final 


> ae 


Dans les deux séries fortement t donc 


conditionnée par une configuration inversee du carbone situe en ronction 
acide 


On peut cependant remarquer que dans les hormones oestrogenes 


naturelles la 


naturelle XX 


jonction des cycles C et D est trans; c'est le cas de la 


* Echantillons que 
tres viverme 
* D. L. Turner, B. K. Bhattacharyya, R 
* Zelinsky, Packendorff et Leder Packer 
les references citées en 


‘° R. Rometsch et K. Miescher, Hele. Chim 


95 
d’acide ainsi prépareé n'est pas isolé) et traitement par le chlorure stannique. 
operatoire a deja ete décrit par Johnson et ses collaborateurs dans un cas voisin.® 
: 
L’ester cetonique on ootenu cristailise) conduit pal saponification a lacide 
cétonigue XVIid (R H). F. 159-160° [o 195°. On obtient alors, 
XVIId, a partir de cet acide cetonique pat enation catalytique en 
plat palladie s I de Zé Pach \do! 
ka narquadik cet acide acit n-bisde ( doisynoligque 
dextro litat est c me pal CAAITIC aut tad u yn des 
melanges de cet acide et des acides aut es n-bisdehydrodoisynolique 
droit et T (Voir fin de la partie experime tale) 
ee L’acide «-methyl /-ethy! nolique Xg gauche conduit d'une part par methylation 
a lacide x-cimet eno ‘ wiguen ctif et. 
oo d’autre part, par la suite de réactio d ci-d a l'acide n-bisdéhydrodoisy- 
noliguc XVild phy ement inactif. Se ntipode XVIlg est fortement 
Oestrogel 
g v9 
| 
XVII . oestrogens 
: =a nabilité de Messicurs Wettste et Anner que nous remercions 
a Graber et W. S. Johnson, J. Amer. Chem. Soc. 72, 5656 (1950) 
ye ee lorff, Ber. 66, 872 (1933); 67, 300 (1934 Voir egalement 
: 
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oestrogéne. L’activite de acide n-bisdéhydrodoisynolique XVIlg, obtenu par fusion 
alcaline de l'équilénine est li¢e a une ¢pimérisation portant sur le carbone / de la 
fonction carboxyle ainsi que lont fait remarquet Heer et Miescher 


Ainsi donc l'acide x,z-diméthyl /-éthylallenolique le plus oestrogéne c’est-a-dire 


le gauche XIlg a la configuration “naturelle” contrairement a l’acide n-bisdehydro- 


doisynolique XV llg physiologiquement le plus actif 


PARTIE EXPERIMENTALI 


sX(R H) er 


cide 
le 


nor aqueur 


vw Xd (R H) 


precedent sont acidifiees pat hlorhydrique 


d'ephedrine gauche; on 


muit au repos, 

aux. Ceux-ci sont 

2.5 (éthanol-eau), on 

lacie chiort ydrique 0.261 

ntre la pul ncation suivante 

le reste d ristaux ’ recrista la n’ dut ange alcool-eau (1/1) Apres 
filtration et lavage (par 3 cm’ du mélang vdro-alcooliqu les cristaux A, obtenus sont traites par 
30 @ dacide 
98-99". (Analyse: C,-H,,O, (272.3 al C, 74,97: H, 7,40; Tr: C, 75,07: H, 7,41° 


(0,2191 g dans 20 cm* d’éthanol absolu) 


l'acide chlorhydrique acide bru ristallisé dans le méthanol aqueux, fournit 0.2 


4 he 
6 
he 
ae icides méthyl-2 (méthoxy-6' naphtyl-2')-3 H) 
methode pilus p gue d obte on des acides racemiques purs est celle decrite pa Lam- 
Chanh-B et Jacque des deux cémigques XI F. 137° et X F. 110 
plus sement p le Kk Exempk Un melange de 3,0 
y 
‘ 
colonne 0,100 este e XI (R CH F. 45-4 | saponific mn, fournit | acide 
XI H kane et de cv« een Yes ecluer les 
(3/1) 08 sec cemique X (R CH F. 61-63 Par saponification, on obtient 
109-11 
acide X (R H) OV 0 
a 
icide méthyl-2 (n 6° naphtyl-2’)-3 pentanoique Xe (R =). Dédoublement de acid 
acen X (R H) F. 109 
On met en so pidement dans 50 cm? d’éthar 2,74 g d'acide X (R H) 
Ce p est rec sc cessivement p nacti dans [ethanol et 
c Le | ecuc cc c d le | O06 ¢ 
(a pa 0.7 es sont 17,2 22.2” et 
22.0 (€ Ces ac Seis de quinine (comme 
oO 0,6 de ne. Ce x éther en présence d 
quinine ether abandonne 0,260 d acide bi cs cris sc ¢ meth 
F. 96-98 
2d 4 20 ¢ absolu ilyse (2/2,3) Cale 
C, 74,97: H, 7,40: T ( 73; H, 144%) 
icide méthyl-2 (méthoxy-6'napht yl-2')-3 pentancig§ 
et extrac n alether 155 d acide pul 
gar 
Cet acide en solution dans 20 cm’ d‘alcool éthylique est traité par 1,1 
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icide méthyl-2 (méthoxy-6 naphtyl-2’)-3 pentanoique (R H). Dédoublement de I’acide 
racémique X1 (R H) F. 137 


g acide XI (R H) } t 3,3 g de quinine sont dissous dans 28 cr d’alcool ethylique 
On dilue par 25 cm*® d ( On le i flux jusqu’a di ution complete des 
s. Apré l nent repos | n’ d'un 

B. On 
lave sur 
solution 

gui, 


d’acide 


ig 
4 
a ¥5 
crista 
ree > 
| R 
( 
4 ent 
; 
| 
XI R H{ 
) 
SOUS 
i 
i 
() 4 
Xllg (R H), | 41-142 15 
(0.149% 
d ( nt n 
i 
’ XIIld (R H 
) { re I ester 
rit 
A ire de 
= | H et Jacque : 
1) 
‘ ‘ ecris ition O.130 ¢ d acide 
(R H), F. 142-143 25° (42°). (0.128 ed 
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L_menthyle XV et XIX 


etee pal 


e ne depassant 


du méthanol 


le dédoublement est deja 


Ce prod 


compiet 


4 98 
Meéthy 2 (méthoxy-t napintvi-g pe a 
a 
(Esters en \ crac xX R ri) 
(R H). 2.74 ¢ (1/100 mol) d’acide X (R H), 
— ara j wid - 
Or dar et on ints ne seule fois 2 cm” de chiorure 
' 
pas 60 
p XVIII et XIX. A ement ite | Ge 
oO tient 
react | 
KIX t brut p lent rep yar 45 
ary 
XVII 
\ 
XVIII 
Xe (R H) ef 
Xle (R 
des 
xX Xlg) 
1 125~—130) 
‘ 
‘ 
? >’) R H) 
n ne sur 
n n solution sodique 
J ‘ 14° 
[x] 739 1 4 (O.1¢ lO cn ad etnanol ads 
» ant identions lui déia préparé par Horeau et Jacques; 
est identique 4 celui deja prepare pa 
ie. 
‘ 
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Meéthyl-2 allyl-2 (méthoxy-6' naphtyl-2’)-3 pen 
CH,) 

(a) A partir de l'acide Xg (R 
: méthylique obtenu 


(0.1 


H) pur. 1 


le diazométhane. Lest 


50 


Cl 


sodium 


dans cm 


reactionne ite 


als 


ment 


anl 


Les fractions 8 a 10 fo nt 0,05 ¢ d’e 


saponifie directement pour obtenir l’acide XII 


Les fra yns 2 » 3 ‘ nissent 0.200 oe 


correspondant XIV g | R 


(b) tir du mélange 
lester XVIII 
F. 75-86° [a], —16,7 


5 Ah 
de triphénylméthy! 


sont 


vant le mode opératoire préecédemment décrit 


est dissous sous agitalt 
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tanoates de méthyle (R = CH;,) et XIVg (R 


g d’acide Xg, F. 98-100° [«] 22,8° est estérifié par 


us atmosphere d’azote 


45 N) es le mélange 


sous illyle fi aiche- 


sodium 


rs des 


ygenure 


(R 
H) F. 151-1 
vlique XIV¢ 


que l’on 


lo (R 


acide 


la ation de 
H) et XIg (R = H), 


1es obtenus, 250 cm? 


H) et XIg (R H) sapo 
l acides Xe 
Les esters m 


d’a 


n n le 
me aes 


(R 
thi 


ction en obser- 
SO,Na, 


bromur e sont rea 


On lave a l'eau la solution éthérée sur 


the 
=s 
| 
ia Ppnase eineree a i cau, seche sur sulfate de 
M@hydre, puis elimine l’éther. L*huile brute obtenue est constituée par un mélange des estes 
acides recherches, d ¢ iuxX etd tripneny etnane provenant de action de | 4 
d’alcoyle sur le tr ner In I rd n ¢x 
| AICOVIEe eny y SOGIUIT CN CXCeS 
l ére-saponifice Afin d’eliminer les esters in aUuX faciliement nifiables le produit est 
10 N Ap ssement < ela € ether les p ist precipite 
la solut sodique p ; jue ) pite alors (environ 0,450 g) peut étre utilisé 
d comme matiere premiere pour une autre alcoylatior 
ee ?éme-saponification: L’extrait éthéré précédent, aprés évaporation du s int, est traité pendant 
15 heure a eb CI ‘ 90 le 7 An reprise 
par cau, extractio pre p acide ¢ rnyar ie On ObDtient 
0,5 d'un mé des de es é1 XIlig (R H) et XIVg(R = H). Un échantil- 
lon recri é dans fond 02-1 1¢ 
Cx 0,5 g est este ep Les est Dtenus sont introduits en solution 
dans 4 1 nexane, su ne co1onne In étre de 2 contenant lalumine (30 ¢ activité IV) 
et préparée a "hexane 
Volume re 
Fractions I nt subdstance 
| 
6a7 2 . Hexane 0 
Hexane Cris x F. 45-47 
5 Hexane ( x F. 45-47 
10 H ( taux F. 45-47 
| § Hexane Cristaux F. 45-47 
5 
12 Hexane Huile 
13a15 3 5 Hexane Huile 
16 l 10 Hexane Cristaux impurs 
17 a 20 4 10 Hexane Cristaux = 
21 a 24 4 10 ( exane Cristaux 
25 a 27 3 10 Cyclohe e C,H, 2:1 Cristaux F. 53-56 
28 a 30 3 10 ( cane C,H, 1: 1 Cristaux 
3] l 10 Cyclohexane C,H 0 
CH,); F. 45-47? 
jester (R = CH,) F. 53-55°; 
— H) F. 53-56", puis 88-91 
des acides Xg (R 
este es par ie diaz 
0,145 mol.) et 10 cm 


nou 
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et élimine le solvant. L"huile brute est saponifi¢e en deux ¢ctapes La premiere saponification est 
lhuile brute est chauffee pendant 30 minutes a reflux ; 


soude concentrée et 100 cm*® de methoxy 


effectuée ainsi 


uvec 10 cm® de lessive de 


Aprés extraction a léther et acidification de la 
1.85 ¢ de produit constitue princ palement par u ange d’acides non 
ion tuee ainsi extrait ethere precedent est chauffé 20 h 


Apres extraction 


ni 
etner ¢ i 


H) et X1Vg (R 


t constitue par un melange 
es acides XIII en solution dans 50 cm?* 


chromato- 


d hexane 


Substance 


omatographiees a 


{cide 


XIVe (R 
X1Ve 


éthoxy—éethanol et 2 le soude 
chaulies IX pendant eures a 125 Apres refroidissement eprend pat 
acide chlorhvdrique et rec icille 0.200 2 d acide Le produit brut obtenu est décolore 


alcovies La deuxieme Say 
d’éthanol absolu) 
Le mélange précédent est estérifié par le diazomethane puis soumis a la separation 
a. sur une colonne d’a ne (90g activité IV) préparcee a hexane 
Fractions Elua 
10 Hexat Cristaux F. 45-47 
6 10 H ‘ F. 45-4 
7 10 Hexanc Cristaux F. 45-4 
10 Hexane Huile 
9417 20 H Huile 
= 
0 20 Hexane Huile 
Les 6 { 120 (R = CH 45-47 onduiront pat 
‘ > XIlle (R 14) 
O et ‘ 
(A > 4) Calc: ¢ 6.5 H $: Tr: 6,8 H 
Ver (met 2’)-3 XIV R CH,) 
tes fractions 33 cris e agueux 0,130 ¢ deste 
— (Analvse: C.,H..O, (326.4) ¢ C, 77,3: H, 8.0; Tr: C, 77,0; H, 8,03%,) 
© 
Les fi 31 a 32 fi sent 0.900 ¢ d’e yu 9,75 
menveau clies donnent une nouvelle quantité d’ester X1Vg (R CH,) pu 
Ame al H) 
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dans le méthanol a ébullition en présence de noir, puis recristallisé dans le méthanol aqueux. On 
obtient 0,140 g d’acide XIVg (R H), F. 53-56", puis F. 92°. [x};. io 1,1° (0,129 g en solution 
dans 20 cm* d’éthanol absolu) 

(Analyse apres séchage plusieurs jours 4 40°, F. 90-91°. C,,H.,O, (312,4) Calc: C, 76,89: H, 7.74: 
Tr: C, 76,86; H, 7,95°%) 


Méthyl-2 
(R 


allyl-2 (méthoxy-6' naphtyl-2’)-3 pentanoates de méthyle XIlld (R CH,) et XIVd 
CH,) 


1,950 2 d’acide Xd (R H), F. 98-100° [x] 23,5° sont estérifiés par le diazométhane. L’ester 


méthylique obtenu, 110 cm* d'une solution 0,145 N de triphenylméthyl—sodium et 4,5 cm* de bromure 


d’allyle, sont mis en réaction en observant le mode operatoire deja decri 


plusieurs fois Apres 


reaction on lave a l'eau la solution éthérée n la seche et on élimine le solvant. L’huile brute est 
sonifiee en deux étan La pren annit tier sar 2 oon le | yude et 30 le 
saponihiee en Geux ectapes a premiere Say nie pa cI ue iessive Ge soude e cm” de 


methoxy—ethanol pendant 30 minutes a reflux, permet de recupere! 0,45 2 de produit constitue par 


un melange d’acides non alcoylés 


ive de soude et 40 cm*® de méthoxy-éthanol 


pendant 12 heures, conduit a 1,3 ¢ d’acide brut. constitué par un mélange d'acides allylés [x], 18.5 
0,7 (1.2823 dans 25 cr ethane iD 
Le produit brut est estérifié par le diazométhane puis soumis a la séparation chromatog iphique 
Le mélange d’ester (1,3 g) est introduit en solution dans 13 cm* d’hexane sur une colonne d’alumine 


Subdstances 


t 0,120 


g d’'acide (R = H), F. 152 $5,2° (0.0 s 10 cm? d’éthanol absolu) 
(Analyse 


{cide méthvl-2 allyl-2 (méthoxy-6' na .2")-3 pent e XIVd (R H) 


7 Les fractions 35 a 39 fournis - U.54) 9g d ester que nm recristailise dans ether de petrole leget 
on obtient 0,390 d’ester XIVd (R CH,) F. 53-54 
’ i (Analyse: C,,H.,O, (326,4) Calc: C, 77,27; H, 8,03; Tr: C, 77,12: H. 8.0 ) 
Lester precedent (0,300 g) est saponifie par chau ve a reflux a 125-130 pendant 3 heures avec 
0,8 cm® de lessive de soude en solution dans 5 cm’ de méthoxy-éthanol. En operant comme precedem- 
ment on obtient 0.200 ¢ dacide XIVd (R H), F. 50-53", puis 92-93 1.70 1,2 
(0,1647 g dans 5 cm* d’éthanol absolu). Aprés séchage plusieurs jours a 40°, F. 93 


(Analyse 


“4 
lectuce par | cm’ de less 
(80 g activite preparee a Kane 
On preleve des fractions de 15 d’éluant 
Fractions Eluant 
< 
ia 2 50 Hexane 0 
4a 8 4x15 Hexane Cristaux F. 45-48 
9all 15 Hexane Cristaux F. 45-48 
12a14 2 15 Hexane Huile 
15423 9» 15 Hexane Huile : 
24a 31 15 Hexane-cyc exane |: 1 Huile 
: 32 a 34 3 15 ( hexane Huile cristaux ? 
: 35 a 39 5 15 Cyclohexane—benzéne | : | Cristaux F, 52-54 
40 A 43 4 15 Benzene 0 
{cide méthyl-2 allyl-2 (n phtyl-2’)-3 penta (R H 
Les onze premiéres frac F. 43-4§ F. 43-48 56° (0.148 ¢ dans 20 
cm es soit 0,200 ¢g 2 nol, 2 cm*® de 
traite par HC! et le brut. Ap { n du mét x on obticn 
ye Mm: C.,H,,0; (312,4) Calc: C, 76,90; H, 7,70; Tr: C, 77,10; H, 7,80%). 


102 R. Gay et A. Horeat 


Acide méthyl-3 carbométhoxy-3 (méthoxy-6' naphtyl-2’)-4 hexanoique XV g 


Lester XIVeg, F. 50-54" (0.550 2) en solution dans un melange de 15 cm’® d’acétone distillée sur 
permanganate de potassium et 5 cm" d cau est traite a 0° et sous agitation par le permanganate de 
potass Lox en 5 heures par de 0,04 g toutes 

1 it 0.04 2 environ de 


sulfate de 1 mesium (SU Me ri.) 
nec éf teur. On essore le précipité qui est 
s fois avec une petit 
est epris ca ct 1 i cinet 
éethe 
n » dar 
0 
— 

e (0,380 ssem| traitées a reflux a 

SO.N nol 
Oo x\ R H cs 
| ec espond a | 
Al C,,.H,,0 1,0 C, H ir, ©, ¢ 
‘ 
C,,.H,,O 
() H 02 4 4 H, 7,08 
XVid (R H 
XV (ReH i de « par de 
nendant 40 mn, en agitant 
< } a 
moure nt l'agitation 
\ lecante a leau, puis 
‘ et ce su fate de sodium 
re} 
iu ¢ on obtient une ¢ incristallisable, qui est traitée 4 reflux 
a 
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une heure a 125-130 par 0,1 cm* de lessive de soude et 5 cm* de méthoxy-€thanol. Aprés refroidisse- 


ment, on dilue et acidifie par l'acide chlorhydrique, l’acide precipite est recristallis¢, aprés décolora- 


tion sur noir, dans le méthanol aqueux. On obtient 60 mg de céto-acide XVId (R H) (aiguilles 
fines) F. 159-160 


{x}, +195 7° (0,0423 g dans 10 cm® éthanol alcool absolu) 
Le spectre infrarouge de ce produit est identique 4 celui du racémique F. 193° correspondant déja 


prepare anterieurement par l'un de nous 


icide éthyl-1_ méthyl-2 méthoxy-7 tétrahydro-1,2,3,4 phénanthréne carboxylique-2 (acide 
meétity { wormal / jue) 
Apres ) e e produit racemique c¢ espondant, plus accessible, que les 
m < este ), nous ons efiectue | es 5 le céto- 
acide XVI 
oO 0.4 ! Ad en susp ns 5 cetate dro- 
(10,2 O 0,2 d'une 0 ) que 
ron (3.4 H Or ‘ 0.06 XVid (R H), 
F. 159-166 US pre ep 10 
sont 
Ay é n of nt 0 060 an juit impur 
F. 197-2 218 
I 22 P 
M O- 
a 22 \ 
F.219°. P 
? ie 
5 { 
=. 26 


; 
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CONTRIBUTION A L’ETUDE DES ALCALOIDES 
DE L’HOLARRHENA CONGOLENSIS STAPF. 


STRUCTURE DE L’HOLARRHENINI 


Ho 


Resunn 


‘in rthern Irciand 
Tetrahedror 9, pp. Pergamon Press Lid. Pris N 
My 
— 
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af 
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Ains cla 
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a été établie récemment,*’ on retrouve un squelette hydrocarboné du type pregna-5- 
ene avec un atome d’azote li¢ au carbone 3 et un deuxiéme attaché au carbone 18 
ou 20 

Sur lholarrhénine eclle-méme, Pyman nous a laissé les indications suivantes: 
c'est une substance bibasique de formule brute C,,H,,N,O contenant trois liaisons 
N-alcoyle (trés vraisemblablement N—CH.) et donnant par acetylation un dérivé 
monoacetyle bibasiqu gui pet l’envisager la présence d’une fonction hydroxyle. 

Nous - jue iart nine solut aque acide déecolore 
instantaner le permanganat im ; id; I’hydrogénation catalytique 
dans l’acide acétiat ‘ pre le pial ns onditi rai res de tem- 


perature et de press rapid gue la pré 1" oul iaison facilement 


hydrogéenabk olarrhénine ; le perman- 


ae 
3 
4 
va 
La quater | p odure de methyle se fait avec fixation 
En se réferant ix de | es p permet d envisage! 
a a la présence de deux fonctions d’am Da ne fon N(CH.), et 
une fonction NCH, fa pal e CO e dans conessin 
‘ ana ) i rrespondent 
. 
respective CysHyyN,O et C,,H,,N,O (la « tant C,,H,)N.). Pyman 
4 ava ) a arog | fait i fo hrute 
OF po ening 
3 
conessine: pou possibilit d le passage de la 
pi ( ‘ Cl 1 ae 
A 
+ 
32 
N 
| > —4 
)N H)N ; 
; “RT Lz Ber. 89, 1288 R. Ts« K.W Ber. 91, 1504 (1958) 
\ ( ( 20 | \ ( t | Sorm 
( ( ci ( 20 | ( ¢ ( 
22, L. 1 S51, 2344 | ( ibstr. 52, 8165e (1958) 
V. Cerny, L. I ret F.S Ci $1, 2351 (1 Chem. Abstr. 52, 8166d (1958) 
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ce dernier par l'action du tribromure de phosphore sur Vholarrhénine donnait lieu 


4 un produit non brome que nous n’avons pas eu l'occasion d’étudier de plus pres 


-nydroxysteroices’} 


(constatations analogues sur d’autres | 
Nous avons alors essavé l’oxydation de la fonction hydroxyle en groupe carbonyle 
suivie d'une réduction de Huang-Minlon;:”’ voir schema Pour éviter des com- 


plications lors de l’oxvdation a l'aide l’'anhydride chromique en milieu acetique, nous 


avons eflectue l'oxydatio ir hydroholarr! ne (Il Dans la série des stéroides 


simples, ces oxydation fectu Vaide de dride chromique dans l’acide 


acétique contenant u i d'eau se font a la ter ti imbiante, elles sont rapides 
conditions experi- 

lente et incomplete 

ajoutant de l’acide 

sulfurique au m rea | que ‘ YI léroule de facon staisante et 
fournit ut donne facileme une OXIn a réduction de cette cetone 
(111) suivant le pr lé de Huang- yn a désoxy-dihydroholarrhenine 
par hydrogenation 

roconessine 

encore 

La position tres 


La contri- 


probable 
moment 
Dans cet 
lholart 


Des lors, avec accord mM florces de verihier de 


M 


7 
q 
he 
= babl n 5 rtd 
probable de la double liaison en © TeSSOTL Ges areu CTILS 
hutio la rotat mo de ta doubd on oO enine est de 
inten sll 9 le 
methin ) et exe t toute a I < 
: spectre I.R. pre trois les uC d e dou trisubstituee 
1 800, 830 et 1656 ¢ Ha ; valeurs suivantes pour la conessine 
é 
897. 1660 cn p onct tse tr sont lortement 
limitees si on t des argu xodihydrocone e (Il 
prese ite dans so! tre IL.R. 1 and cal cm et une ande 
1499 car ette comme hexat jue et 
subit la réduction de Hua ins les ¢ larrhenine 
se laisse acetvier dans des conditions douces (Exciut Lip) Les seules posiuons 
G. P. Muc L. Nort R. Slot in et R. Winnifot J. Amer. Chem. So 5, 4892 (1953); 
C. Dierassi. H. Ringo G.R Soc. 73, 5513 (1951) 
H A ( 68, 245 ; 
H. R. Barton et W. K & 18 
pR 1 M. Fab BH est. H. P. K et G. W. Wood, J. ¢ 1. Soc. 2402 (1951) 
14 lifer. H hin 3. 1834 (1946) 
AY 
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la fagon suivante la conclusion a laquelle il était arrivé: la dégradation de lholar- 
rhénine d’aprés le schema B devrait nous donner un hydroxy-5a-pregnane contenant 
la fonction hydroxyle dans la méme position nucléaire que la base de départ et 
identique au produit (IX) que nous préparerons 4 partir de l’acétate d’hécogénine 


suivant le schema ( 


Dégradation de holarrhénine (schéma B) 


La dégradation d’Hofmann"™ de la bisgu: (VIb) correspondant au 


dérivé diodomethyle de lholarrheni a) conduit a l’ap arrhenine; ce produit 


est tra ror l’'amm it Quaternaire pa ‘tion de |’! de methyle en 
tube scellé et sans autre lvant a rédt 1d’ le de us l’action du 
lithium dans 

produits neutre 

de 

une 


| aponola 


la réduct 


at 
Lue 
lans la region SOO—S50O provenant de 
— rrhenine (VII) et deux bandes dans 
ue de cette méme base. L’hvdrogénation 
nm nartiel iu svstem aie ue age cette ase 
! 
] | bd 
| | 
| 
‘ 
| 
N( Me 
| 
| 
| 
| 
| 
4 
x 
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catalytique s‘accompagne de l’absorption de deux moles d’hydrogéne et fournit un 
mélange de produits neutres saturés dont nous avons isolé par chromatographie 
lhydroxy-5a-pregnane identique a un échantillon de 12/-hydroxy-5a-pregnane 


(IX) prepare par le methode suivante. 


Préparation du f-hydroxy-Sa-pregnane (1X) (schéma C) 

Nous avons obtenu ce produit en partant du 3 -acétoxy-12,20-dioxo-Sza- 
pregnane (XI), lui-méme prepare par degradation de la hecogenine (X) suivant un 
procede connu % Dans le 3/-acétoxy-12,20-dioxo-5a-pregnane, on peut bloquer 
sélectivement"®-" la fonction carbonyle en C,,. sous forme d’éthylénedioxycetal (XII). 
Nous avons soumis ce cétal a la réduction d’Huang-Minlon™ plutét qu’a la reaction 
de Wolff-Kishner utilisée par Callow er a/."° Contrairement a ces derniers auteurs, 
nous n’avons pas obtenu directement la substance XIV mais probablement le 
12-éthylénedioxycétal (XIII) correspondant, ¢tant donnée que cette derniere fonction 
résiste bien aux conditions basiques:"* hydrolyse du produit en milieu acetique 
nous donne, avec de bons rendements, le 3//-hydroxy-12-oxo-5a-pregnane (XIV) 

Pour réduire, dans cette derniére substance, la fonction 12-céto- en groupement 
hvdroxvie et éliminer simultanément la fonction hydroxyle en C., nous avons 
réduit le dérivé tosylé (XV) du 3,/)-hydroxy-!2-oxo-5z-pregnane par Ihydrure de 
lithium—aluminium 

La reduction d'une fonction cetonique en position 12 d'un systéme steroidique 
par ce reactil n'a pas, a notre connaissance, fait objet d'une etude s stematique. 


Si on examine. comme I'a fait Dauben.”” les deux 


facteurs qui determinent la propor- 


tion des deux épiméres qui peuvent se former dans cette reduction, on constate que 


léquilibre thermodynamique favorise la formation d¢ épimere et que les 
conditions stériques favorisent lattaque du cote « de la molécule*’ soit la formation 
du méme épimére: il nous semble donc que, dans notre reduction, le produit 


predominant sera lepimere 122.* Du mélange réactionnel obtenu, nous avons, par 


chromatographic, reussi a isoler un dont la contribution 
au pouvoir rotatoire mo éculaire de la fonction hydroxyle est 35° (Barton et Klyne"! 
signalent 50° pour Al et 93° pour Al2 yal i donc trés probablement de 
lépimére 12-hydroxy (1X). Ce produit est identi (point de fusion mixte, pouvor 
rotatoire specifigue, spectre | R ja Vhydroxy-5a-pre pro enant de la de: rada- 
tion de 'holarrhénine. (spectres | et 2) 

L*holarrhénine est donc bien de la 12-hydroxyconessine et probablement lepimere 
ceci confirme la structure proposee pal Uffer (I 

La dégradation de lholarrhénine, telle que nous !'avons decrite plus haut, a ete, 


en realite, precedee d’une série d'autres essais particllement intfructueux qui meritent 


d’étre signaleés 


76, 4013 (1954) 


a 
4 
réductio ynire le eu 
par ‘ le be 4 gue 
Camer |. Hamlet, J. H et A.l 1 Che 807 (1955) 
W. Ada D. Kirk, D. P V. Petrow et 1. S Webb, J. (1954) 
ee 1* H. J. Dauben, B. Lok H. Ringold, J. Amer. Ci Soc. 76, 1359 (1954) note 13 
W.G. Da J. Jiu et Micheli, J. Amer. Chem. Soc. 78, (1956) 
F. r, Exper 6, 313 (1950) 
Semen 21 R. Hirschma C. Stewart, C. F. Hiskey et N. L. Wendler, J. Amer. Chem. Soc. EEE. se 
ae 22S. Pelletier ct D. Locke, J. Amer. Chem, Soc. 79, 4531 (1957) ‘le 
5 


Contribution a l'étude des alcaloides de 'Holarrhéna Congolensis Stapf. 


a Az OCOCH, R=OH 
bA= ococH, R= H 
R= OH 


N(Me 


Dans notre schema primitif (schema D), nous envisagions la réduction d’Emde. 


sur iodomethylate de Phexahydroapoholarrhenine. En effet, une reaction analogue 


eflectuee par Hav rth sur Viodure d’ammonium bisquaternaire de la tétrahydro- 


conessimethine (XVI) avait donnée, comme réaction principale, elimination de la 


fonction dimethylamino- en C,,. Pour preparer | exahydroapo iolarrhenine, nous 
avons soumis lapoholarrhenine a hydrogenation cataly juc dans l’acide acetique 
mn mee de niatin nol “anctata ue absorption en hydrogene est déf 
en prese ce de piatine NOUS COLSLALONS adsorption en dgrogene est deficitaire 
et se limite a deux et demie molecules environ. Du milieu reactionnel. on tsole 


lhexahydro-apoholarrhenine (XVII) et un produit secondaire azote non basique 


soluble dans l’eau et insoluble dans Vether; ce produit precipite de la solution 
aqueuse par addition diodure de potassium et doit ¢tre le sel quaternaire (XVIIIc) 
forme par recyclisation de la double liaison methylenique avec la fonction dimethyl- 
amino- en C,. et réduction du systeme diénigue. Une telle cyclisation (formation 


de XXb) est signalée pal Haworth dans le cas de l'apoconessine (XXI) ot elle est 


complete par simple ébullition dans lacide acetique directement a 
l'apoholarrhénine (VII), ce traitement nous permet disoler un iodure d’ammonium 
quaternaire (XXa par analogie avec l'apoconessine) dont le spectre I.R. montre la 
disparition de la double liaison terminale (—-CH—¢ H.) a 900 cm t la subsistance 
des doubles liaisons conjugees en 35 D’autres exemples de formation ; 1alogue 
du cycle pyrrolidine sont signales par Haworth 24 L’hydrogénation catalytique de 


l'acétate correspondant (XXa) dans l’acide acetique en presence de platine entraine 


absorption de deux molécules d’hydrogéne; le sel quaternaire resultant (X VIIa) 
isolé sous forme d’iodure (XVIIIc) est identique (spectre I.R., preuve du point de 
fusion mixte) au produit secondaire isolé lors de hydrogenation de l’apoholar- 


rhénine. 


23 R. D. Haworth, L. Lunts et J. McKenna, J. Chem. Soc. 3749 (1956). 
*% B. Barley. R. D. Haworth et J. McKenna, J. Chem. Soc. 967 (1954). 
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La quaternisation de !’hexahydroapoholarrhénine (X) par liodure de méthyle 
est beaucoup plus lente que pout les bases dont le cycle pyrrolidinique est intact (holar- 
rhénine. conessine) et s accompagne, comme le montrent les modéles, d’une forte 
augmentation d’encombrement stérique. Le sel quaternaire ainsi obtenu (XLX) est 
soumis a une dégradation modifi¢e d'l mde* par le lithium dans l’ammoniac liquide. 
Il ne se forme pratiquement pas de produit neutre et on recupere la base initiale 
(XVII) 

ique (A l'amalgame de sodn appliquee au chloro- 


NAL. 


H..( lonn rendem produit 


ippli rresponda lhexahydro- 
| 


de 


al 11S 


deuxiéme fond vers 2. present nte dan n spectre | R. deux 
fortes bandes a | luc loubl 5-6. Lors de lhydro- 
genation catalyuqu lan acet ; latine. les deu produits 
absorbent chacun un | *hvdrogéne en donnant na nce ; ase saturee 
unique fondant a 216,60-. i un I nen tte is Cleve a parti de 
la base non saturée en 5-6 qua parti de l'autre) s deux bases de depart sont 
donc des isoméres différant par la position d'une double liaison. Ce produit d’hydro- 
génation est différent de 'hexahydroapoholarrhenin (F 161—162°), son spectre LR 


présente dans la région de 1000-1050 cm™ une seule bande trés importante (a 1040 


ai 
neutre. tandis gue la 
culre, la 
NOUS 
tructure t pas VIII mais bien ict S 
(et dont la ure réelle n'est pa | 
On 
j 
~ 
KKIV 
me Le spectre ILR. du produit neutre (dans le domaine 8 cm 
fract Cc. pare diltic 
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cm~') caractéristique qu’on retrouve pour les dérivés de holarrhénine dans lesquels 


le cycle pyrrolidinique subsiste (quand le cycle est ouvert nous constatons la présence 


de plusieurs bandes d’égale intensité). En tenant compte de la structure du produit 


de depart (VII), cette derniere constatation, ainsi q analyse du nouveau produit, 
nous conduit 4 envisager XXV comme structure de cette substance. Remarquons 
ce cas, son sel qui naire (iodomeéthy orrespondant doit étre identique 
éma D): « tivement quaternisation de XXV 


ipide (cor irement aux bases dont le cycle pyrroli- 


spe ctre 


XXIV 


ienesium 


} 
chia a Be dinique est ouvert) et donne lieu a un sel quaternaire identique (fusion mixte, qa 
| nN.) a Ic CC ic a structure XXV et ¢ di aux structures 
(F 160 t XXII (1 *-) pour les deux precurseurs de cette base 
Devant ¢ ésultat inattendu de la degradation d’Enm« nous avons eu des 
SOUDC e 11d te ae quaternaire Ge Gepart (soi-disant 
Vill ag Lit avoir si le cycle pyrroii que or t la reaction 
CVE ‘ etre i de AAa prepare 
mont t < Le pe proc ne¢ pr aonc 
I] est ¢ tater qu t t eflectue | “Emde 
- d _ re nat 
) ) I la 
partie du t t On peut ) de notre 
e ( par chaufiage 
PARTI EXPER IENTALI 
I rt 
> 
H | P lar F 198,5-199 
C,,H,,.N,O (372,58) ( H 
( 2 2 } | 
O-Aceét la e: On t 20K ne élange de 1 cc de pyridine 
anhydre et 1 cx nhy | Or eau 
ce eS glacée. on basifie a soude et on ex nre nc a l’éthe I éthérée est lavée 
; 4 l'eau jusqu’a neutralité. L’évaporation sous vide de cette solution, séchée sur sulfate de ma 
E. Spith et O. Hror ka, B 63, 12¢ 30) 
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anhydre donne le dérivé acétylé qui est purifié par recristallisation dans l'acetone 


C,,H,.N,O, (414,61) al 5 H 10.2 N 68 
H 10,5 N 69 


me vie chement d Das s un inve 10 a 
On! sout 1.51 ¢ ce de methanol et 3 
d larr] et 3 cc d'iod 
quate routte a goutte 
ve © 4/9 
- 
D 
‘ I): O 
i f 4 
‘ 
( 
O N 7,43 
C,,H,,N,0, (4 14 ecrite plus 
( 
’ 
H 10 
‘ ’ H 
O 
CSSIVE 
ws"). A cal 
C,,H,,N,0l, (65 F 315 
al 
H } 
1? 
cick 0 . Ter on d’acid 
Le chifl fate d La solution 
ie 
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F 188-190°. On recristallise le produit brut dans de l’éther de péetrole 60-80°: aiguilles blanches 
F 191-191,8 


(372,58) calc C 77,4 H 10,8‘ 
trouvé C 77,2 H 111% 
80 2° « 0,96) 


Oxime de la |2-oxo-dihydroconessine: On melange 110 mg de la cétone 4 350 mg de chlorhydrate 


@ hydroxylamine et 10 ml de méthanol. On dissout le tout a l’ébullition puis On laisse reposer pendant 


24 heures: on verse le tout dans de l'eau glacée et on alcalinise 


Le precipite blanc est filtré et lave 


aleau. On le recristallise dans le methanol petits cristaux incolores f 260.6 26 


C.,Hy, N,O (387,59) calc C 74,3 H 10,7 


trot 


ve 


{poholarrhénine 


Le diodométhylate d’} 


(VIl) 


base d’ammonium quaternaire par p 


sur echangeur dions (1.R.A. 400 chargé d°OH~) Po 


issage de sa solution a 15 dans un melange éthanol-eau (5/1) 


suite des opel itions cf { ffe On 
recristailise le produit reactionnel dans léthanol: F 156.4—157.2 [x]; 86 4°. [A. Uffer: 


87 4} 


Dihvdri conessine (1V) par réduction de 1 12-oxodih\ lrocor 


essine (111) A un mélange de 0,5 ml 


d@hydrazine pure et de 0.5 2 de soud austique puly lans 5 ml de diéthvléne ycol, on ajoute 


te de magnésium), 


puis On evapore a sec 54 mg d huile gui se solidifie p dition dun peu d’ether de pétrole: | 

98-103 chromatographie sur p pier de ce produit p rent a de la dil cONnessine eparee 

par hvd ogenation de la coness ne, donne une tache unique dont le R, est 1dentique a ul de la 


dihydroc« 


On recristallise le produit brut dans l’acétone: F 107-107.8 point de fusion mixte avec de la 


dihydroconessine (F105 106.5 ) : 105 106, 5 


Hexahydroapoholarrhénine (XVI): On soumet a lhydrogénation 200 mg d’apoh 


droge d apoholarrhénine 

dans 5 cc d’acide acétique en presence de 16 mg de platine d’Adams (20 , pression ordinaire) Apres 

environ 30 labsorpt on s arréte ceci correspond a er on 2,4 moles d’hydrogéne. De la facon 

habituelle, on isole la base 106 mg recristallisé dans icetone, fond a 160-161 La solution aqueuse 

- {apres extraction de la base) est extraite au chlor forme La solution chloroforn que est filtree et 
evaporee a sec Le solide jaune est repris par Ic nimum d'eau: on y ajoute une so ution d’iodure 

de potassium (10°,) dans l'eau et on essore le précipité legerement jaune de l’iodure quaternaire 


XVII lc qt seche, fond a 263-265 


Cy,Hy, NO (347,57) calc C 79,5 H 11,9 


(Hexahy droapoholarrhénine) 


Le dérivé acétyl (prepare comme 1’QO-acétylholarrhénine) est purife par recristallisation 
F 106-106.4 
I1.R. 1738, 1238 cm"! 


lodométhylate de l'-hexahydroapoholarrhénine (XIX): On fait reflue pendant 20 heures une 
solution de 260 mg d’hexahydroapolholarrhénine dans 6 


cc d'un mélange a volumes égaux de 


methanol et d’iodure de méthyle. On concentre fortement ( jusqu’a environ 2 ml) le milieu réactionnel 


et on ajoute, goutte a goutte, de l’ether anhydre a la solution: il cristallise environ 275 mg de petits 


cristaux F 258-260° déc 


Les eaux-meéres éthérées sont concentrées et recyclées dans une operation 


analogue: on isole encore 48 mg de cristaux F 257° déc 


** J. Weinstock et V. Bockelheide, J. Amer. Chem. Soc. 75, 2546 (1953) 
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_ 
‘ 
orovressivement i temp thy 15 nend ‘or listille | 4 
| essiveme i te a 215-220° pendant qu'on distille l'eau formée et hydrazine en 
exce ma en etle temperature pendant neure Au mélange réactionnel, on a oute de 
trouve C 80,0 H 11,9° 
21 
[x] 33° 0,947) M 115 
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Aprés avoir chauffe a reflux 50 mg d’apoholar- 


apoholar rnhenine par i 


10 ml d’acide acétique pendant 3 tre la » a envi 1 ml 


spectre LR 
1000-1050 


ps 
114 L, 
dine 
L’addition et la basificatx pa ude ne | CUM la 
solution aqueuse, on oute une solut queuse dure de potassiu un precipite lance se 
tone cont at un minimum de méthanol et. a la solution chaude. 
eee on ajoute progressivement de léther ; ire: le produit cristallis petites ais s blanches a: 
975.977 ICOCH spect presente plus la bande 
ae F 275 déc. (XXa mais I~ au lieu de OCOCH,”). Le spec présente | ee 
CH—CH de ;holarrhénine. dans la ré m de cI ne reste plu 
F 040 cn 
au'une bande forte a 1040 cm 
lodor thylan XVillc): On fait refluer 100 mg 
via la ae 
apres 
C.,H,.NOI (473,48 C $8,3 H 
} 
XVII 
| 
ara liquide On isole une fraction neutre (23 mg brut) et ¢ mn 500 mg de bases b : ee. 
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Par recristallisation du produit neutre dans l’acétone, on isole une substance qui fond a 166-166,5 


Spectre 1.R. bande importante a 807 cm=': double liaison en 4—5? (pas de bande a 900 cm") 
C,,H,,0 (302,48) calc > 83,4 H 11,3 
2 H 11,2 


isation ta iSiq da é I etnviique suivie dec 


n en 
Se} 


magnesium) 


fortement non-sal 


t 
‘ 
| 
oo re dans l’acétone, aammmare deux produits: le moins soluble cristallise en petites aiguilles fines, fond 
ieee es a 226-230° et presente (x) 10 andis que | autre cristalilse en petits cristaux trapus g fondent 
ee a 156-158° (x) 116 Les spectres I. R. de c deux proc S indiquent pour le premier une 
double < n 79 no le « n 4—5 (208 en 
probables (XXIII et XXIV) dec nt plutot de leurs proc ( re] I 
| i 
( H..NO (329.51) calc C 802 H ) 7 
} F 226-23 e C 79,4 H 10,7 
F 156-15 C 78,9 H 10.9 : 
H F 226-230°: On s n cal 39,6 mg de 
he t F 200-210". Ce est 
C..H.-NO (3 ( H 25 
O F 2 ? XXV 24 ) sO0.5n 
d e le I P F 258-262°. On 
ola XVIlIc): 2 268 , Spectres I.R 
an e: | 8-2 Ce éeductio I e gui 
su Son spectre I.R meme ition que p 
Rédu En } f Vill On réduit 1,12 g de sel quaternaire 
j comme dec En t e er on 
' 160 meg de ! Le re ‘ ) evap ¢ c) est dec pose a l’e on 
ext it i Suspens este ep pale, no! 1ssous, que nous 
n avons pas eXamuine p I De yn ethere en t les bases a aide ne solution 
d'acide ¢ gue 2 N ces § S ac es, On i? de oases m exan ees) puis 
on ia lave a i Cau, a ia & ec ete aie SC i ia § m secnee (Suilate de 
4 = et Cvaporee donne 500 mg dun solide pateux exempt a azote Ce produit est encore 
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la réaction précédente: Uhydrogénation est 


Hydrogs nation catalytique du produit neutre de 

unalogues a celles déja deécrites plus haut 

ju milieu réactionnel 286 mg de 


réalisée dans des conditions | (ex. dihydroholarrhénine): 
te apres | adsorption de 2 2 moles d hydrogene on sole 
iteux: la tallisation dans un mélange acétone-eau, suivie de recristallisation 
1 point de fusion tres peu net 


itre Woelm activité I dans 


110 meg prodt 


uement pas de produit \ 


sore environ 


ne contenant 


méthylene pur, on isole 


: 
autour de 140 On chromatog ap! CO Proaun 7S 
réther de petro Lélution a ac ac ue perros . 
l'aide d'un mélange progressivement plus che d ether ans éther de petrole, « 
a $5 mg de produit blanc solide fondant entre 145-148 e reste de produit, isolé en ajoutant des ae 
ssante éethe yu donne d prod eux. On recristailise te solide 
le et d bru de rogvenatio!r son 
la pre ere cl matog r 1 de p yer ue oes 
: 
C..H,,SO, (472 S 68 
( 0 H 
“ 
On { 
c 
4 
a 
a4 
4 
ay des quantités croissantes de chlorure de méthyléne. Avec le chlorure de a 
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encore 45 mg de produit F 159-164° (probablement un mélange de 3/-,12(x ou P)dihydroxy-S« 
pregnanes 

Le produit fondant vers 150° est purifié par recristallisation dans l’acétone, suivie d’une sublimation 
sous 10°* mm a la température de 110 (temperature du bain): F 153,6-154,2°. Il n’ya pas d’abaisse- 
ment de point de fusion avec le produit résultant de la dégradation d’Emde de riodométhylate 
d’apoholarrhénine, suivie d’*hydrogénation; spectre I.R identique 


1,19) My 78 
H.,.O (304.5) calc 82.8 H 11.9 
trouve 82.6 H 11,8 


sations de produits des fractions é] ices 


5 
Les caux-méres des recrista]li/ ether de pétrole et l’éther 
de pe e-benzene ont ete rechromatographices sur de ’alumine Woelm neutre ctivite. L’élution 
a cine ac pet ‘ Del ene me 4 rie | Er pre ence 1 el COI mence et pa 
‘ 4 recristallisatio C dans l'acetone, on isole encore du prod a point de fusion 151-152 
identigue prow sore Pius ha | 
Nous emer Mo Profess« M. Hans nou vuide dans le choix 
et emercions ¢ Société CIBA 
Sic ‘ ‘ Societe CIBA nous of b ent donné de 
Fa 
Le I.R e S. | k et Monsieur 
G B cx M Pr R._H | el ercions bien 
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Abstract 


nethoxy-2 
methoxyl group 1s 
ilso prepared from propenyl- 


TACHIKAWA 
LA 
— 
: a 
14 th 3,4-dimethoxy 
it is é 
ety worted DY tic analyses and U.\ 
spect y N | | I 
Ib and Ic. The amine VII wepared by 1 
rei cd Vil was therefore not obdtaincd Vil was 
4-25.) 
) » A \\ iN Nelso j immer. her 75, 
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. 
R _ NH R N > R N > Io, b,c,d. 
co 
(er (Ch) 
R R 
R 
CH. CH: CH; 
> 
NH NH N 
Vi VII 
rted ta 1 via th nitrosite 
and on reaquc a Us ave Cn y Birc method 
gave VII 
For t ynt f Id 4-methoxyp une is luced* to p-4-methoxy- 
vield* of the 1 d ous matter. Dehydro- 
dehydi to Id. A is Of Id s from the 
i] vie Kelo- 
ILR. spect 668 Vill X containing 
) mie | 
FXPFRIMENTAITI 
‘N. Itoh and S. S$ 1.4 
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in the presence of 200 ce 5 NaHCO, solution. After the addition of about 80°, of the chloride 
the amide separated and was kept in solution by addition of ethyl acetate. After stirring a further 
2 hr at room temp the supernatant layer yielded the amide (13-8 g; 91-6") which crystallized from 
benzene: n-hexane as less needles, m.p. 111-112”. ( ound: C, 71:5: H, 76; N, 4°55. 


C,,H,,0,N requires: H. 7°6: N, 4°65",) 


1-(3'.4'-Dimethoxyben ihvdroisoquinoline (AVa) 
30 cc benzene mixed with 2 cc phosphoryl! chloride was refluxed 
he CXcess pr } removed in 


d and th berated base 


lila in 


c solution of KOH (100 cc, 
as added unt the solution 
dissoly norganic matter, 


dried and ¢ vaporated toa 


3-Phenyi 
To 


etherea 


cooling and stirring an 

cold water and 
evapora HC! was shaken with 
benzene ind basified wv ( c NaOH solutior ‘ it was dried, the solvent evaporated 


and the residue distilled i scuo in an atmosphere of H he amine (8°38 g ) distilled at 


m.p. 186-188" from ethanol-acetone 


93-95 /6mm. The Avydrochi formed colourless needles 


§9-45; H, 7-05: OCH,, 15:2: C,H,.N(OCH,) HCI requires , H, 
1 


{Found 
79: 695; OCH,, 15-4 


A 
A 
hs 
“4 
racuo and the residue dissoived in ati HC! The acid solution was Dast 
in benzene, washed, dried and the solvent remove The residue (1°38 g), | obably 
lor lest 4 ie ‘ ‘ ? 4 
cc xviene was added ¢ of 30 jand mix e refluxed fe atn sphere of 
ee N The | ate free f catalyst was evaporated and the res e distilled in vacuo yielded a yellow 
viscous syrup (1°65 g) b.p. 194-197 mm 271 oo 381). 312 mu (log 331) 
323 (log 3-33). T vas « icterized aS a Crys vicrate from ethanol, m.p. 154-155 
(Found: C, 560; H,40; N, 10-7; C,,H,.O,N tires C, 565: H, 43; N, 11-0°%) 
4 112 ‘ ~ 
(b) N-(3’,4’-Dime xypne cx -p-phenyiethy ial m.p. 113-114 (Found: ¢ 19: 
H, 63 N. 49. H,,Q,N cs 4 2:2 H N. 4 ) 200 cc xylene and phosphorus 
4 pentoxide (50 added ms is re xed for § iditional | | oduct 
n fied t ) substar 0-35 which nict n 
pur ce which gave a picrate Mm.] 
As on ol © adove oned base (2-0 g) in 20 cc et cinnamate was heated over Pd-¢ 
(0-2 O°.) er N, at 220-230 fo On coo italyst w filtered, 
washed benzenc nbined benzene te shake 10 H¢ The acid solution 
sified a e libe < syrul ; ) is again dissolved in benzene 
SS 2 U.\ 274 n ‘ 3-76), 311 mu (log 3-49), 323 (log 
3-54). 3; H, 59; N, 50. C,,H,,O,N requires: ¢ H, N, 50%) 
The we was crvs irom no Lp ind ( H 4] N 10°8 
C.,H requires: C, H, 39; N, 110°) 
> 
e sult iric ac 410 20 ) 1s added dropwise v ne and cooling to a mixture of 
propenyl benzene (30 n 250 cc ether) and a lium nitrite (120 ¢). Solid 
pscudo site separated Dul nued f or hou ind the product then 
116-118" (decomp). (Found: C, 55:3; H, 52; N 14:35. (C,H,,O,N,), requires: C, 55-7; H, 5-2; 
N, 144%) 
1- Methoxy-1|-phenyl-2-nitropropane 
eee The pseudonitrosite (15 g) was added in smal! portions to a nethanol 
cige 10°.) in a stoppered bottle and shaken into s mn. Glacial acetic acid ; 
was neutra the so ent ¢ ed iv zo and suffhicic t wate dded 
yellow liquid, which distilled at 112-114 /5 mm, yielding 12°5 g (83:2",) 
(V) 
anne 
) 
| 
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3-(Cyclohexa-| ,4-dienyl)-1 -(2-aminopropane) (V\1) 


The amine (V, 6°6 g) in absolute ethanol (18-3 g) mixed with 100 cc liquid ammonia was reduced 


by adding 2:8 g lithium in small portions and cooling in ethanol—dry ice. After addition of the metal 


the mixture was stirred until the blue colouration disappeared. The crude base was distilled in vacuo 


in an atmosphere of H,, yielding 5-2 g (95-3°,) of a colourless clear distillate b p. 71-72°/5 mm, 


which gave a negative result on CH,O determination 


N-(3,4-Methylenediox yphenylacetyl)-{-cyclohexa-| ,4-dienylisopropylamine (1b) 


This was prepared as usual and formed colourless plates from n-hexane : benzene, m p. 108-109 
The yield was 91-5 (Found i. 72:2: H, 6°8 N, 4-9: C,.H.,0.N rec uires ¢ 72:2; H, 70: 
| 


N, 4-7°%) 


1-(3,4-Methylenediox (1Vb) 


This was obtained in a yield of 71-3 by cyclizing IIb followed by dehydrogenation as described 
U.V. Anax 276my (log ¢ 3-80), 318 my (log ¢ 3-46), 326 my (log ¢ 3-44). Picrate: Yellow prisms from 
ethanol, m p 170-171 (decomp). (Found: C, 57-0; H, 41 N, 10-9; C,,H.,O.N, requires: C, 


H, 3-9: N, 110%) 


1-(3,4-Methylenedioxybenz\ 


!)-3-methylisoquinoline (1b) 


This forms colourless prisms m.p. 87-88 from n-hexane; U.V. Afi!" 278 my (log ¢ 3-89), 317 mu 
(log 3-54), 329 mu og 3-56) The vield was 77:3 from (IVb). (Found ( 77-7 H, 5-6: N. 
5-1; C,.H,;O.N requires: C, 78-0; H, 5-4; N, 505°). The picrate separated in vellow needles 
from ethanol-glacial acetic acid, m.p. 180°. (Found: C, 57-0; H,3-9; N, 11-1; C,,H,.O N, requires 


C, 569; H, 3-6; N, 11-:1% 


4 ~Me thyle nediox velohe 4-cdien) opropvlamine (IIc) 


This forms colourless needles m.p. 83-84" from n-hexane. (Found: C. 71-6: H. 6-8: N. 5-2: 
C,;H,sO,N requires: C, 71-6: H, 6:7; N, 


fivienedio 


is iS Obtaine 


-Methylenedi 


This was obtained in 72-5 yield by dehydrogenation of 1Vc and formed colourless needles 
m.p. 74-75° from n-hexane. U.V, 2851 396), 333 (log 3-87). (Found: C, 77:3; 
H, 5-1; N, 5:3; C,;H,sO,N requires: C, 77-6; H, 4-9; N,5:3°). The picrate forms yellow needles 


from ethanol, m.p. 184°. (Found: C, 55:85; H, 3-4; N, 11-4; C.,H,O,N, requires: C, 56-1: H. 
3-25; N, 11-4%) 


p-4-Methoxycyclohexa-\ ,4-dienylethylamine 


4-Methoxyphenethylamine was reduced according to Birch’s method and yielded a colourless 


I 


liquid (921%) b p. 78-78°5°/1 mm after distillation in an atmosphere of H,. U.V. 2! 277 mu 


(log ¢ 1:72). This base is fairly unstable and discolourizes gradually 


N-(3,4-Dimethox vphenylac etyl)-f-cyclohexa-| ,4-dienylethylamine 


The foregoing base was treated with 3,4-dimethoxyphenylacetyl chloride to form IId (90-2°) 


which separated from benzene : n-hexane in colourless needles m p. 91-93". (Found: C, 68-6; H, 


H, 7-9; N, 4:1; requires: C, 68-9; H, 7-55; N, 42%) 


1-(3’,4’- Dimethox (1Vd) 


A mixture of the amide (IId, 2 g) in benzene (50 cc) and phosphoryl! chloride (2 cc) was gently 


refluxed on a steam-bath for 10-15 min. To the cooled mixture sufficient dry petroleum-—ether was 


a9 
N-(3 
ThE as a yellow syrup in 76°4°% yield from IIc by cyclization and dehydrogenation. 
U.V. ARNOH 259 mu (log 3°95), 293 my (log 3-83). The picrate form ellow prisms from ethanol. 
: m.p. 175-176° (decomp). (Found: C, 55-6; H, 3-6; N, 11:3; C.,H,.O.N, requires: C. 55-9: H. 
1 3-6; N, 113%) 
| 
fe 
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standing the supernatant layer was discarded and the 


ale After 
NaOH with vigorous shaking 


added to cause a reddish oil to separ 
base extracted wit! nzen 100 cc), and addition of 100 cc 10 
if 1 oO K.CO ‘ ent evaporated 


The b 


in vacuo in an atmosphere of N, 
1: absolute xviene wa 30 °,, Pd-C (0°5 g) in an atmosphere 
i in vacuo and the 


oved 
1, dr ied and 


residue in 


washes 


ve benzene 


-hexane and benzene was filtered 
* 277 mu (log e 3°83), 


86° from 


OCHsg, 


(Found 


of. S. Sugasaw 


for 


gawa for IR spectra 


of N, for 4 hr. Filtered free 
10°, HC! extracted with benzene, basified with NaOH solution, 
eval cu A bre n res e dissoived in a mixture of 
), 321 characterized as a crystalline picrate, m.p. 159-161 
(decomp ym acetone. (Four C, §5-3: H, 4:2: N, C.,H.yO,,N, requires: C, 55-6; H, 
4-4; N, 104%) 
1-(3'.4°- Dimet vh (Id) 
n-hexane. vic 85), 3-61), 323 my (log 3°63). (Found 
C, 74:0; H, 63; N, 46; OCH,, 2 C,.H,,O0,N re es: C, 73-8: H, 615; N, 4-5; 
le cetic caid, m.p. 171 : 
C. $5-45: H. 42: N, 10-6: C,.H,.O,,N, requires: C, 55:8; H, 41; N, 104%) 
1-(3°.4'-Dinn ,44 Vill) 
1668 ( ( H, N, 4 OCH C,H, ON(OCH,) 
( HH } OCH 
( ( N HANNO) ( 109 H { 
1X) 
d 
4.Din | 
ke 1X fev lrops of 
wee er | 0-05 2. mn 
Pat data and to E. Ohki for U.V. spec a 
of 
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Abstract— By 


na | met 


pl mary acetates 


acetates has been 


rs cleanh 
number of alkyl 
these results of 
lead to actually 
predominates in cy¢ 


Despite the 


to be less 


selective than ts formed 
‘lit and 


> 
from a pyrolytic ei 


thermodynamic eflects scuss new 
experiments which sent rules, 
firmly based on oducts 
to be expected from a give e acetate 
pyrolysis will then gain a place procedures 


Since the cyclic, cis character 


l 
ali connne 


as 

~ 

comparing the exo-endo olefin ratio in the pyrolys yf 1-methylicyclohexyl acetate 
hy icetate-2,2.6,6-d,, the deuterium Is ye efiect cet pyrolysis 
reaction has been det ned t ye | t 500 ar | 100 Thes ‘ e to be compared : 

with the theoretic im ies of 2:1 | 2-3 respective! By ca ng petitive 
apprec positive ¢ develope n state tf | r shown 
tha e presence hete ents changes the ern predic y, and 
4 convenient synthesis of cyc exene Cribde 
THI pyre vtic elimination of acetat to [oO s ha rec a Vel uselul synthetic 
eT reaction, especially for the preparation of olefins from alc is W rearra under 
eonit acidic dehydration conditions, and fo! e¢ preparation of te! il olefins from 

The pyrolytic elimination of unsymmetrical secondary and tertiary 
investigated by Bailey and co-workers® and it was claimed that 
This research wa ipported by t the Petré R te iby t American 
here} made tot 
Procter and G 19 
fe 5 W. J. Bail Com l. A ( Soc. 77, 75 (1955 W. J. Bailey, J. J. Hewitt and C. King, 
Ingold, Structure iM O Ci yp. 42 SOF University Press, N.¥ 
d * e D. H. Froemsdorf, C. H. ¢ G. S. Hammond dC, H. DePuy, J. Amer. Chem. S 81, 643 (1959) 
cares ® W. H. Bailey and W. F. H J. Amer. ¢ Soc. 81, 647 (1959) 
7 E. E. Rovals. J. Ore. Chem. 23. 1822 (1958) 
° * R. A. Benkeser and J. J. Hazdra, J. Amer. Chem. Soc. 81, 228 (1959) 
R. Alexander and A Mudrak, J dimer. Chen So 3, ] 1) 
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our discussion to a consideration of the two bond-breaking processes, namely the 


breaking of the C—H and the C—O bonds (equation |) We will be most interested 


eee in the timing of these two processes, a d in the effect of substituents on the ease of _ 
eee such Dreaking We sha inc be able to describe the transition state in some detail a 
If we examin ca ) Grove Cad W are SiUUCK 
the fact that for non-cyclic acetates the Hofmar product predo nates. However, 
we Nave snow! ina Steric ang | Ca ac tne ) ‘ of the least 
acidil roups atlacnes ca en (< ( O, NO i\ 
a sidered it of terest to ex d t tlect the acetate pyrolysis Coen 
C Wg [ q 
that the cardon at OTOKC transition state. On the other 
hand they are signific ink theoretica axima’*’’ at these temperatures 
w IR C.K 21. Cc. eM. P D 
J 
80 
C. H. Del R. 9 
ae 
H b y. On the other 
between this value anc c ctica DO cc ine 0 state 
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which would perhaps imply that simultaneous O—H bond formation is significant. 


This is as would be expected for a highly concerted cyclic mechanism. 
We next turned our attention to the breaking of the C—O bond. Maccoll!® has 
collected relative rate data for the pyrolysis of primary, secondary and tertiary 


TABLE | DEUTERIUM TOPE EFFE IN THE PY} i-METHYI IHEXY ACETATE 


amount < ( © her f ond- aking ust | very } |. rin al action 


which involved appreciable carbonium ton character th phenylethyl acetate would 


Endo Exe K/h Max 
1-Me CVC te 400 72 
| CVC Ce 400 4 1-9 2-3 
|-Me e-( S00 39 7 2 
ac Ye expected 1 et c 4 U 
af ~ 
— U DE . ive aiready 
times more rapidly than III, ag 2d t of 
R 100 
R 
p j 
{ 
Ao. vhich substantiate t C C ; even more thoroughly ine relative rates given in 
Table 2 were obt ead DY pyri xtures of acetates and detet I e ratio 
O! Olcl C proqaucts D\ CSUILS VE Du O De 
j determined ace ral ly OvVveT a small temperature ran The, show clearly that the 
16 A Macco I Chem. S (1OSR) 
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certainly react much more rapidly than would «-acetoxycyclohexanone. Actually it 


is only very slightly more reactive. It also suggests that it cannot be true that “‘it is 


the forming O—H bond that primar ilv determines the rate”, as concluded by Maccoll,!® 


for then ~phenylethy! acetate, with an activated hydrogen to be removed, would be 
the most reactive of the compounds studied 

We mav then summarize the results in the following way. The carbon—hydrogen 
bond is being broken in the transition state, as shown by the deuterium isotope 


the acidity of the hvdrogen being rem ; not primary importance 


Substituents at both th url yearing | \ ren al a aring the acetoxy! 


product, and 


ates among 


*ht be expected, but 


small. However, 


ao exert an influence paralleling that which they will exert on the ole Po 
ul ro It mayt sition state of the acetate pyrorysis 
best d ribed as nw ith the ¢ H and © bonds are 
hut o h This the places 
that dad by ition (3), and it ts 
rat | tene | ed was 4 
i 
lifferences Casc statistical and steric grounds will be 
Ch Soc. 80, 6383 (1958) 
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the methoxyl group will exert its influence by stabilizing the transition state leading 
to the formation of both cis and trans V in the same way thet it stabilized the olefin 
in the vinyl ether being formed. Consequently one would predict that a somewhat 
greater proportion of internal olefins (V) would be formed on pyrolysis of the methoxy 
acetate than from the pyrolysis of s-butyl acetate. The actual results are in excellent 
agreement with these predictions, for pyrolysis of IV at 500 gave 47 primary olefin 


(VI) and 53°, internal olefin (V) of which 30°, was trans and 23°% was cis. Bailev 


and Nicholas reported that the product of this pyrolysis was substantially pure 


primary 

Finally, we conclude our theoretical discussion with a consideration of the effect 
of temperature on the direction of elimination. Bailey and Hale® have pyrolyzed 
vicyclohexyl acetate and t-amyl ; ate at temperatures from 22 to 600 

perature is l¢ 

ninating al 
for we found 
roduct composition as the temperature was lowered. For 


= 
p 
the pe reported Iti papel we measured the 
= fo a product ratio and found it to be 73-27, within 1 per cent of its value at 
o> ae 490° and at 500°, and not the 8. itio reported by Bailey and Hal [he same ; 
rat Wes We red t-a ite at 250° and 
nay ound » Gcte ) ‘ y mi ration 
| ine titration, 
t tic pect of t este DVrolvsis 
Ca CA} i mis 
wi 1) | ( ‘ een ad 
A 
(5 
a 4 
a 
( 21 oO 
21 
of W. J. B 
O 21, 54 In that 
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of a-acetoxycyclohexanone to cyclohexenone (equation 5) is a good example, and 


this sequence is, in Our Opinion, competitive with other available methods for the 


synthesis of this useful intermediate. This general method appears especially attractive 


for the preparation of higher homologs. 


EXPERIMENTAI 


1-Methvicvclohexyl acetate-2.2.6.6-d,. Cyclohexanone (49 g, 0-5 mole), D,O (20g, 1-0 mole) 


‘ 
he 


and K.CO (0-25 heated il eflux for 24 cooled a 


the layers separated 
on of D.O and K.CO, and the procedure repeated 


The ketonic layer was mixed with another po 

After six exchanges the ketone was distilled (30 g) and analyzed for deuterium It showed 97-0 and 
96°5 of the exchange cak ited for the replacement of to hydrogens by deutcriun This cyclo- 
hexanone (14:3 ¢, 0-14 OK is reacted wilt e Grignard reagent tron CH. 1 (24-6 0-173 mole) 


manner leutel 


ym of the commerci- 


Hunt 


ind 


iccording to 


the directions of Bailey and Nicholas®* followed by careful fractionation gave material of b.p 


After heating at reflux fo hr the 
efully fractionated. B.p. 42°5-43 


b p 


Peak areas were determined 


res of the esters anc 


LIOS 


45 


were 


of 


the more eactive olen ind the c ve rates calculated as desc oe 1 by Lee Prior Y p.c analysis 
of an equimolar mixture of pure 4-nonene (from py ysis of the acetate) and pure styrene gave a 
peak area ratio of | 30 | In the PYrOlysis OT Z-ACCLOXYCYC ohexanone no correction was made for 
differences in thermal conduct ty The relative rates of the phenylethy! acetates are the average for 
three runs, that for acetoxycyclohexanone for a singie run 

Pyrolysis of }-methoxyisopropyl acetate The acetate was pyrolyzed in the conventional manner 
at 500° at the rate of 3 ml per mu 4 conversion of 57 was obtained, as determined by titration 
of the acetic acid liberated The olefins were analyzed by g.p.c The majo peak (47 ) had a retention 
time identical to that of an authentic sample of methyl! ally! ether The other two peaks (31 and 


Melting and boiling points are uncorrected 
* T. D. Nevitt and G. S. Hammond, J. Amer. Chem. S 76, 4124 (1954) 
1. Kirshenbaum. PA Pr rie md Al } i Hea Water. McGraw-Hill, New York (1951) 
Orea S vathne Lo Il p. 179 lo Wiley. Ne York 143) 
27 B. A. Arbuzov and V. S. Vinogradova, Bu icad. S U.S.S.R. 535 (1954) 
28H. J. Shine and G. E. Hunt, J. Amer. Chem. Soc. 80, 2434 (1958) 
227 A.A. Petrov. J. Gen. Chem. U.S.S.R. 14, 1038 (1944) 
J Irvine. J. MacDonald and C. Soutar, J. Chem. Soc. 107, 351 (1951) 
*1 T. S. Lee in Techniques of Organic Chemistry Vol. Vill, p. 101. Interscience Publishers, New York (1953) 


and Me 0-19 atom) in 100 of dry ethe Alter working | ihe us 
l-methyicyc exy! alcoho! was caref listilled t a spinning brush column of approximately 
ot ted 27.97 rwcetviated wit icet nd 
15 theoreti cs The pro cites d cetvyiated W acetyi and 
dimethny il ne.** The acetate analyzed fo YS and exchange of tour hydrogens tor 
Ae Deuterium analyses. These were performed by burning the compound, purifying the water formed eee 
eT oe and analy for per ce deuterium oxide by € droy ethod fi wing the procedure ES 
etate The cohol. prepared accord o the ethod o anic nthe se was 
Pe acetviated rive the acetate. b.p. 202-204 206-20 It gave only a single peak Dy g.p.c a 
thyl acetate z- and /-phenylethy! acetates were prepared by 
{ none. This ce ind was prepared b me of Shine * 
Ml Acet fu lable alcohol 
14 i+ cp ed, i+ 
q Met ther. Allvl bromide (34 ¢. 0-28 mole) was added dropwise with stirring to a solution 
of sodiun Se Ossn n 2501 irvy met 
produc was distilled from eaction Task and ca 
2 4 
Pyrolyses. The method and apparatus were as previously described.” 
ee by use of a planimete For the pe e py yses equin eFC ony! 
acetate were passer ec (fo ¢ case of phenylethy! acetate the molar rama 
é 
: 
: 
bee 
ag 
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assigned to the frans and cis enol ether because a s imple of the pyrolysate 
nmediate copious ipitate of the 2.4- 
m.p. 155°). It was 


respectively) NC 
ophenylhydrazine solution formed an ir 
fone of propionaldehyde, m.p. 153-5-154-5°, (reported 
peak, with the smaller retention volume, was the trans isomer by analogy 


Pyrolysis of x-acetoxyvcvclohexanone The pyrolysis was Carried out in the conventional manner 
at 510 The rate iddition w n and a conversion of 96 was obtained. The 
ts retention volume on gas 


product was identif 


chrom tography 


‘Ve 
wit 
assu 
wit 
Allen, J. Amer. Chem. S 52. 2957 (1930) 
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Abstract 


10-5-pregnene- 
XIV was prepared. The diol XIII was 
hydroxy-4-pregnen-3-one (XV) by Oppenauer ¢« 


lkaline hydrolysis of diol XIII gave two products, 
The first was 


it 


xIdation 


icetate 


1 result 


ler the reaction conditions 


the expected epimerization at C-16 unc 


ol 
20/-diol 16, 20-lactone | XVII) characterized as the acetate 


16/-carboxy-5-pregnene- } 


om 
‘ 
(Received 2 February 1959) 
The reactions of 3//-acetoxy-5,16-pregnadien-20-one cva e ion and w certain 
PIVE 16-substituted pregnenolone nd progesterones are n 
S 
ee [HE recent publication by Romo! of the addition of hydrocyanic acid to 16-pregnen is 
are %0-ones prompted us to record our own results with this and related reactions ee 
ee. We have found that not only does 16-dehydropregnenolone acetate add nycrocyanic ae 
Pes acid but that it also behaves as a typical -unsaturat ketone in the Michael ee 
aes reaction. Thus, in the presence of stro ilkali, we e prepared adducts with ethyl ee 
| tm h 16-substituted preg hy trare ultra- 
4 
e (11) was ob Michael reactions with I were run b O 
were obta ig cts Ill ar cya cetate trile 
is b lure vielded adducts V, VI a Vil et 
ibs solvent a Saponificatio the 3-acetate occ ( 
possibiec 1 ip der mild conditions to the correspon ac as 
ia oxidation of adducts Il, Ill, IV and VIII to the ¢ sp g | uted 
progest vs. IX. X. XI and XII. was straightiorward and uniformly successtu 
ween affected 
Some further transformations of 16x-cyanopregnenolone (II) were effected 
Reduction of II with sodi 20f-diol 
select ely to -<cyano-2U 
for a short time. Vigorous 
= 
; 
R. H. Mazur, U.S. Pat (Dec. 24, 1 
P. Blad Che 1723 (1958) 
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since 


has tl 


was saponified with two equivalents o lium hydroxide, t resultant m re (both 
XIX an 
diazomethane and the crude ted to Oppenauer oxidation VY a circuitous 


isolation procedure, VeTY Vit DOXV-4-pre 


- =a 


(XXI1) and 16%-carbomethoxy-20 '-hydroxy-4-pregnen-3-one (XXIII) were eventually 


Lit 


obtained 


[he assignment of the 208-configuration to the diol XIII is based on molecular 


4 
a 
131 
a 4 CH CH CH. 
= 
4 
’ VII R H (COCH 
4 
4 
2 
XVIII and the second 16x-carb -5-pregnene-3), 20/-diol (XIX) characterized as 
‘ the diacetate XX Compound XVII iS btaine iS yacid 
lactoniZza sp incous | co i s of XVII Gd ALA n ciear 
Pe mmm such ready lac as XVII exhibits can o take place if the product 
Bie two -membered rings fused. Oppenauer oxidat f XVII gave 
l6p-carboxy-20/-hydroxy-4-pregnen-3-one 16,20-lactone (XXI). The diacetate XX ; 
: 
ee 
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It mav be seen from Table | that the molecular rotation 


rotation differences.’ 
changes upon acetylation of XIII to XIV and of XV to XVI are in agreement with the 


literature values for the acetylation of the corresponding 20f-hydroxy compounds 


without substituents at C-16 
\ particularly interesting feature of the 1.4-addition reactions ol 16-dehydro- 


have assumed 


ch 


pregnenolone acetate is that of stereochemistry. Previ 
in the 16x. 178 configuration (i.c. with a normal 


the adducts to have the substituents 


TABLE | 
Pregnene-3/3,202-dio 0 
nie 
a 
XVI 
: 
rather than i so side Chall it 7) in as mment irom thie pproach 
at probabDly e the co ruratio alt the molecular rot on 
4 ee changes are erratic and permit no ck te conclusions \ rther complicating tactor 
a in compo is Ill and VI the introduc ofat asy centre im the sick 
chain That one of the adducts asa it l¢ col is snown 
we feel Nv the tact thal ot one us | i ‘ tal Additionally 
e showing large positive specific rotatio but not b ‘ a r lo specific 
17x-pregn-5-en-20 have negative spec tatio hile 17a-pregn-4- } 
ene-3,20-dione has a zero rotaho t seems quite certain that 
1 us , 71 
D. K. Fub ‘ 73 
C. W. Shoppeec. J. ¢ 4 
A.B G. Ber. 70 
‘A. Bu J. Set \rhomé and H. Paul, Ber. 72, 1112 (1939 
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the substances prepared by anionic addition to 16-dehydropregnenolone acetate have 
17 side chains." It can of course be argued that introduction of a new asymmetric 
centre at C-16 vitiates any conclusions which may be drawn from unsubstituted 
steroids. However, it would be most amazing if a vicinal effect could completely 
nullify the very large 17-iso shift. For example, were 16-cyanopregnenolone to be, 
in fact, 16-cyano-17-isopregnenolone, introduction of the cyano group (whether « or 
}) would require a molecular rotary shift of around +500 

An additional interesting aspect is that a 16-substituted pregnenolone was 
obtained!!! 


’ having a large negative specific rotation and yielding a 16-substituted 
progesterone having a low positive specific rotation. Further, these compounds were 
prepared’ under conditions known':™ to isomerize the 17/-to the |7x-acetyl side 
chain Specifically, strong alkaline hydrolysis’ of |6z-cyanopregnenolone gave a 
16-carboxypregnenolone with an attendant molecular rotatory shift of 463 
(compare the change XIV to XX with AM 3°). Similar hydrolysis’ of 16a- 
cyanoprogesterone produced a 16-carboxyprogesterone and a molecular rotatory 
shift of —479°." We feel this typical rotatory shift indicates that isomerization at 


C-17 has occurred and we believe that inversion at C-16 has happened also. Reduction! 


of 3/-acetoxy-16/-carbomethoxy-17x-pregn-5-en-20-one (XXV) with sodium boro- 
hydride and subsequent alkaline saponification yielded 16/-carboxy-17x-pregn-5-ene- 


39.20-diol (XX VI) The latter uld not be induced to cvycl e even 
conditions. Romo! interpreted this result as proving that the 16-carboxyl and 
2U-hydroxyl were trans. Rather, failure to cyclize means that the 16-carboxvl and 
17-hydroxy-ethy!l fe-chain are trans. If we assume the side chain to have the 17 
configuration, then the carboxyl group must be I¢ ‘he most likely reaction during 
hich the or ion of the nitrile. Th 
which the group al ( -16 could have ison 18s sapo catio nil nus, 
the alkaline saponification! of 16a-cvanopregnenolone and cyanoprogesterone 
very likely gave 16/-carboxy-3-hydroxy-17z-pregn-5-en-20-one (XXIV) and 16/- 
(XXVIII) respectively 
We ral that at oh nfienration af bstituted 
C may say n general t al CQuirorium the co PuTalIon OL a 
20-ketopregnane is determined by the steric requirements of the group at C-16. 
Under alkaline conditions, one obtains 16%-cyanopregnenolone but 163-catboxvy-17- 
isopregnenolone Thus, the linear cyano group can be accommodated in the 16x 
position giving the product expected from backside attack on ring D. However. the 
preferred orientation of t bulkier carboxyl group is apparently 16/9 leading (in the 
| | 7 wih 
presence of an easily epimerizable acetyl group) to tl | “ac side chain which 
} ] i. n 2 
latter arrangement is associated with less steric hindrance among the ¢1 s at C-13, 


A coincidence is exhibited by XX and the substance XXVII to which Romo! 


assigned the same structure but which most likely has the oppos 


te conhguration al 


both C-16 and C-17. The two compounds differ greatly in melting point but have 


Romo Ihe argum« to t j 
The 


Same suDstance was ovdtained Dy Oppena r OX ine adove rp 


4 
ia 

3 

: 

loa 
B. I V. Petrow 1D. Wedlake, J. C) 18 action 
2 of me j cva ck | vars ernenok vdrolvs o i¢ ya ol 
str s as did 
—nenoione 
; 
‘ 
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CO.H CO,CH, 

‘= 

xx 

iH. CH, 

CHOR 

KXXV RAc, R'=CH XVII R=A 

| 

XXVI 

( 

nt of 

28 (11 M) 
XXIN 415 463 (IC) 
XXVII 67 (XXVI) 
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EXPERIMENTAL" 


16a-C yano-3-hydroxy-5 pregne n-20-one (11) 16-Dehydropregnenolone acetate (20-2 0-057 
mole) and 20 ¢g (0-31 mole) potassium cyanide were suspended in 400 ml! methanol, 40 ml ethyl acetate 


and 40 ml ws The mixture was hea ix temp for 2 hr during which time a clear 


solution result Dilution with 500 ml! water and ng vield g crude pre Crystallization 


from benzene—cthanol by concentrating to ren n rave 325 ed n 225 228 
Recrystallization from butyl acetate raised 4°; 5, methanol) 
(Found: 7-4 H, 8-97; N, 4-04 
x-C arhethoxyvc ) thyl 2 solution of (0-6 
mole) sodium in y etna rere rie cy al ind 107 (0-3 mole) 
| hr) and 


wilh 


mos diox 


the cvanoacetic 


by 


*’ We would like to tha 


Rotations were detern 
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: 
alowed and overnig emp. ihe was neutralized with acetic acid, diluted Wil 
and wash ( rit ‘ otu VAS CX cted rhe residue from 
dis n of the chloroform yielded 34 ¢ crude I turation with et etate. Crvstallization 
oft product rave 27-0 lies p The combined 
mother li ors ere | cd I 20 ctate—benzene and 
subdsequer crysta iro id f the cde ed product 
= m.p. 196-198 eld. 58-09 (4! 1-0 nol) (Found: C, 72-93; H, 8-5! 
N. 3-23. C..H.-NO ( 0 H. &-72: N. 3-28 
8; H, 863; N, 7:10. re H, 8-48 
) \ 00 m 
fron 
4 0-9 } ( } } ( H,.O. re 69-74 
vi 
f ( 
rm Vi ? the 
165 | ( } ( } 8) es 
) 
{ | } ne 
86 :10 e) ( H, 8°72. C,,H,,O re ( 3-68 
H, 8 
(0-03 Ne) potas cle e steam bath 
pry acid tive, m.p. ca. t The cruc is decarboxylated 
| heating at 2 300 DOT ed a hr). Crys mn Of the residue 
from ethyl acetate vielded small needles, 8-3 mp 202 204 Rec Si ration from ethyl { 
Robert T. D ilyses. M corrected 
ined at 25 Ultravic re carried out thano 
4 
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acetate raise the m to 206 207 14 tc chlorotorm) (Found 77-64 H, 9 03: 

N 3-88 C..H..NO. requires: C, 77°70, H, 9°36; N, 3°94",) 
Oppenau The general procedure followed was to dissolve the compound in 40-50 
vol toluene and 5 tres cycionexanone Five vo 20 aluminurt sop opoxide in 
ix for 21 To the cooled solution was added 


extensive 


1 benzene. chromatographed on silica gel and eluted 


300 (Found: C, 77°89; H, 8°54; 


yanoprogesterone (1X), 1-72 (5 ). prisms from aqueous methanol, 


24 @) i lox-( j yvovanome#thyi )-pre terone (X) 


from ethv! acetate-cyclohexane, m.p. 215 16 
16,500 (Four C. 73-41: H. 8-22: N, 3:29. CagHs, NO, rec es: C, 73-38; H, 8:29; N, 3:29%) 7 
dduct IV (1-75 g) gave le cyanomethy e (X11). 1-11 (64°,), prisms from benzene 


300 (Found 


H. 7-99: N, 6-93. CosHyoN,O, requires: C, 76°15; H, 7-99 7 


Adduct VIII (52-0 ¢) gave 16%-cyanomethyiprogeste one (X11). 31-3 (60°,), prisms from benzene 
cyclohexane, m.p. 185-186; | 142 0-5 ethanol) 240 my 16,300 (Found 
C. 78-35: H. 8-95: N, 4-02. C,,H,,NO, rec es: C. 78-13: H, 8-84: N, 3-96") 

(XII). Cvanopregnenolone (6-0 g 0-0175 mole) was dissolved 

5 14 t s added and the so won varmed 


of XII] with pyridine 
(¢ 0-5. dioxane) (Found: C, 72°99: H, 8-52. CygH s; NO, requires 


was used except that the sotuti vas Neale ac 

ive XIIl was chromat ) ica I on wi d icetate-benzene and 
— +} " 11 >) 9 

subsequent crys ation fro benzene ive the de 1 pre 0-41 ¢@ (20".) p. 215-219 


requires 


from ethanol, 8-5 ¢ (20°,) of 3p-acetox) 20 ydroxv-)-preg! if arboxylic acid 16,20-lactone 
(XVIII), m.p. 238-240 ; [2 35° (¢ 1-0. dioxane): 2*®" 5-67, 5-81 « (Found: C, 74:52; H, 8-88 
C,,H,,O, requires: ¢ 74°58: H, 887°.) 
Alkaline ydrolvsis of XVIII yielded ifter acidification to reciose the lactone 16 }-carboxy-5- , 


20 16.20 rone (XVI1). mop. 241-243 from ethyl acetate [x}p 31 fe 06, 


pregnene 


dioxane) (Found: C, 76°47: H, 9-76. Cy requires: ¢ 76-70: H. 9-34°%) 


Elution of the column with 10°, ethy! acetate-benzene and subsequent crystallization from ethyl is 
acet e-cycionexane gave 14-0 (29 ) of 3 20 prevnene 16 -carhox ylic at id (XX), 


$3° (c 0-8. dioxane) (Found: C, 69-92; H, 8-53. Cy .H,,O, requires: C, 69 92: 


m.p. 184-185 ; | 


H, 8-85°,) 
Saponification of XX resulted in 16x-carbox y-5-pregnene-3/3,20/3-diol (XIX), m.p. 289-293 from 


H. 940. C,.H,,0,)C,H,OH requires: C, 71-65; H, 9°67",) 


ethanol (Found: ¢ | 
168-Carboxy-20/-hydroxy-4-pregnen-3-one 16,20-lactone (XX1). Oppenauer oxidation of XVII 


a 
136 
7 
an equal vol of 5O aqueous potassium sodiun 
steam distillat rhe product was extracted wi [i 
with 10 ethyl acetate—benze 
Adduct I1 (2-98 g) gave 
m.p. 230-233 ; [2] 151 (c 0-5, methanol); 240 my 
Adduct 11 | 22 needles 
= 
ae on the steam bath for ny The solution was acidified with acetic acid and concentrated to a small : gee 
J‘ vol vielding 5-0 ¢ (83°,) XIII p. 224-228 Crystallization fron ethar raised the m.p. to mS 
231-233 73° 0-5. dioxane) (Found: C, 76°78: H, 9°54. requires: ¢ 76°92: 
H, 9°68 °.) 
and acetic anhydri 
C, 73-03; H, 872%) 
— 
6x-C (XV). The general procedure for Oppenauer oxidations 
dioxane) 240°5 my, 16,500 (Found: C, H NO, 
©, 77:37; H, 915") 
The acetate XVI. m.p. 217-218 (methanol), was prepared by treatment with acetic inhydride in : 
pyridine overt eht at room temp 83 (c 1-0 dioxane) 240 n 17.200 (Found 
C. 75-17: H. 869: N, 3-51. C.,H,,NO, requires: C, 75-16; H 8-67; N, 365°.) 
Saponification of (38-0 g, 0 11 mole) in 1 of 95%, 
ethanol was eated with 200 2 potass oxide m 500 | ‘ ind the solution heated under ; 
reflux for 3 days. Acidificat f the cooled s n with HCI ga gelatinous product. The crude 
material was acetylated D0 cating ith pyridine anc cetic ant iride and the mixture of acetates : 
3/3 
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by the general procedure described above—except that the solution was heated under reflux for 


1S min—yielded the desired product after chromatography on silica gel and elution with 
20°, ethyl acetate-benzene. From 0-90 g XVII was obtained 0-55 g (60%) XXI, m.p. 188-190 from 
ethyl acetate—pets um ether (b.p. 60-80"); [x], +96° (c 1-0, dioxane); Amax 241 my, 17,000 
(Found: C, 77-49; H, 8-97. requires: C, 15; H, 8-83%) 
(XXI11) and 
3-one (XXIII). Compound XX (4-46 g, 0-01 mole) was allowed to stand overnight room temp with 


a solution of 0-46 ¢ (0-02 mole) sodium in 200 ml! 90 *thanol The solution was concentrated to a 
small vol, diluted with water and acidified with H¢ voluminous precipitate was collected by 


filtration, washed with water and dried e cru luct was suspended ir nl dioxane and 


esterified with | diazomethane > resuita lt I \ I ntré l iryness and 
oxidized directly OY tf Sua n | ire with t > Tea lt te m The 
crude product was ch latogra 1 or gel material eluted with *thyl acetate 
benzene was saponified nethano!l iu yi d with acetic anhydride 
in pyridine and rech itographed on to yielk toxy-! 


(XXII), 0-25 g, m.p. 239-243 , fron icetat yl ether; 6 5, dioxane); 


Amax 241 16,400 (Found 


from the original c ethyl acetat nzene ga »%-carbo- 
methoxy-20/- +-pregnen-3-one (XXIII), 0-05 g, m.p. 144-146 m petroleum ether 


(b 60 3] { 1-0. diox ine) f 241 15.700 (Fo ind . 26. 
C, ,H,,O, requires 5; H, 9-10°,) 


ig 
> 
lie 
by 
J 
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NEW ROUTES TO 62-FLUOROTESTOSTERONE AND THE 6z2- AND 6)- 
FLUORO ANALOGS OF PROGESTERONI THE SYNTHESIS OF 6z2- 
AND 65-FLUORO REICHSTEIN’S COMPOUND “S” AND 62- AND 
FLUORODESOXYCORTICOSTERONE ACETATE* 
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epoxides 


» -$-Keto-5%.f epoxides 


- and 


a ani t prog ( The troduction of the fluorine atom 
in 6x-ep de (or its rived acetate) with 
bor CT it corresponding -| yvaroxy-t }-fluoro 
yt Cc rs. In « case the p r for the epoxide was the 
: apl ) \ compounds are readily accessible in most 
i series, the 6-fluorocortisone. for example. by application of this general 
method would nex tat rsor the ° lcohol (111). However, such an 
intern S tt 1 for this and other reasons it was desirable 
to develop alternate routes to 6-fluoro-A*-3-ketones which could eventually be 

‘= utilized for the synthesis of the C-6-fluoro-cortical hormones 
The fission of a steroid 5x.6x-epoxide with boron trifluoride has been shown to 
afford either the C-6 keto (rings A/B cis) (Fig. 1: IV—>V) or the diaxial 5a- 


hvdroxy-6/-fluoro compound (1 —> II) depending upon the nature and stereochemistry 


An epoxide unsubstituted at C-3 (1Va) or carrying a 


of the substituent at ¢ 


3x-acetoxyl group (IVb) affords as the major product he corresponding C-6 ketone 


(V).4 However, a 3/-hydroxy-epoxide (or its acetate ester) (1) undergoes fission by 


a completely different mechanism, and t major product is the fluorohydrin (I1).3+4 


Henbest and Wrigley’ explained these results from a consideration of the electronic % 
Part CXIX: J. A. Zderic, H. Carpio and C. Djerassi, J. Org. Chem. 24, 909 (1959) es 
* Pres < part by A.B. at the Steroids and Natur Products Section of the Gordon Research Conference Ni 
August 
A. Bowe und H. J. Ringold, Tetrahedron 3, 14 (1958) 


and T. L. Wrigley. J. Chen S 4765 (1957) 
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| 
(Rec March 1959) 
Abstract — The « mic ; on of steroid 52, 
ethylen 
RECENT hed methods leading to the synthesis of the 6c 
4 
‘ 
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CH.OH 


and t 
trifluoride 
more alk 
comitant 
Hov 
of the ¢ 
(necessary IO! 
( 1) of the boron 
formation of a C-6 
interactions in 1 
Thus, an 
dominates 
In the case of a 3a-acetate (axial 
formational factors are in direct Oppositio 
group is not sufficient to overcome (a) the 


acetate group assuming an itorial nformation upon C-6 ketone formation, 


and (b) the unfavorable 1, I (3%,5a-diol) which would result if 
fluorohydrin formation occurred ie net result is the formation of the C-6 ketone 
in very high yield 

In an attempt to assess the relative importance of the electronic factors, we 
studied the fission of a C-3-keto-5,6x-epoxide with boron trifluoride In this system 


the conformational factors outlined above which influenced the fission of both the 


3a-acetoxy and the 3/-acetoxy epoxides are absent. and it is the balance between the 


boron trifluoride induced ionization of the C-5-epoxide oxygen and its inhibition 
by the I effect of the ketone which determines the course and products of the 


139 
| 
> 
ing 
eorese 
| 
1 epoxide, boron 
t with con- 
se tne rmation 
xygen-C-5 bond 
4 cguctive efiect 
secondly, the 
, 
the non-bonded 
xially orientated 
formation pre- 
: ctronic and con- 
the axial acetate 
from the axial 
5 
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5x.6%- 


predominated since treatment of 


reaction. The inductive influence clearly 
oxidopregnan-3,20-dione (VI)? with boron trifluoride-etherate afforded in 44 per cent 
yield the fluorohydrin (VII), identical with an authentic specimen.’ This result 
indicated that fluorohydrin formation should be the major reaction for 5z,6z-epoxides 


-3 by a group er co-ordination with boron tri- 


which are substituted at (¢ 
fluoride) wille reasonably strong “ct, 1 in which there are no powerful 


conformational factors in opposition 


With this information 3-cycloethylene-ketal- 
Sz.6x-epoxide (VII) she ito a fluorohydrin 
boron trifluoride, 


about C-3 


equatorial, 
series investigated 
appropriate 


converted 


Epoxidat UCC LAL etal 
led at u ral CT de (X1) 


atiora 


could chromatoegr: ver a tructure prool 
itot two epoxides followed ode ol preparation 


contigul 


R.A ij. H.W 


an would be a reasonably strong | group, and its symmetrical nature Ea 
Sg would eliminate such conformation ictors as an axial group bec 
ana CONCIUSION Was VC cd cx pe ne 
oe a reasonable vield of the fluorohydrin (IX) was obtained fron 
}-cvcloethvler tal 6x-epoxide (VILL). The f rohydrins were then 
into ro- U iment is Gescrided n the seque 
An alternate general method fi sis of 6-fluoro-A*-3-ketones was thus 
tel available which d ot require a A°-3/-alc ol as precursol The ketal-epoxides ae 
cal be irom the app op avaiadix \*-5-KCTONCS D\ eli 
and cpoxr 
This paper describes t pplication of this method for the synthesis of 62- 
fluorotestosterone and the ind uoro analogs of progesterone, Reichstein’s 
Compound “S and desoxycorticosterone acetat¢ 
Y 
a 
ie Fic. 2 
(Fig. 2) with permonophthalic 

4 
iiams, J. Org. Chem. 17, 1341 (1952) 
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elemental analysis, their relative polarities towards alumina and a comparison of 
their molecular rotations. It is known that the epoxidation of A®-3/-alcohols and 


their esters always leads to a mixture of epoxides with the «-epoxide being predominant. 


Examples taken from three different series, namely the « and j-epoxides derived 


TABLE |. MOLECULAR ROTATION DIFFERENCI ENE-KETAL-5%.6% AND 


now a 
“I-CVCIO’ 
ol epimeric 3-Kketa 


siderably more lev« 


P P 


ea 
OP-EPOXNIDES 
4 
A 
Ep 74 
ice 243 
lestosterone acetate-3-ket 208 
> 
-| 209 
0 
322 
= 
| 
ke En ‘ 
a 
17a-H \vprovges 1 9¢ 
biske 
I N. K ‘ 5 
H k 80 
oH 78. 62 
from cholestero s°-androstene- a diacetate,’ 
: show that the epoxide 1s a ys more polar towards alumina and has a more 
ae levorotatory specific rotation than the epimeric /-epoxide. Sufficient evidence is 
i ; demonstrate that these characteristic difierences aiso apply to 
tal-5 G-en In Table 1 t n slaw entatios rie 
etal-5,6-epoxides able | the ecula a s of a series 
F >.0-epoxides are collected In every case the “epoxide 1s CoONn- 
rotatory than the f-epimer. In addition the /-epoxides were 
*L. Ruzick 1A.C.M felv. 27, +4 
‘ 
L. Ruzick P. A. Plattner, H. Heusse st, C/ 29, 248 (194 
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isolated from the mixture by chromatography over alumina, and in every case the 
epoxide was the less polar of the two compounds. It is possible to conclude there- 
fore, that in any mixture of epimeric 5,6-cpoxides, one can confidently define the 
stereochemistry of cach epimer by rotation measurements and the behaviour of the 
mixture on chromatography over alumina 


Fission of the «a of testosterone acetate 3-cycloethylene ketal (X11) with 


boron trifluoride-etherate in an ether solution smoothly the corres- 


pond v-fluorohvdri (XV) of the “acetate 
etal 
f XIV with 
(XVI) wh 
nt of 


Be 
os anhydrous hydrogen chioride in acetic acid for 5 hr ied to dehydration of the tertiary 
hvdroxy ( itom trom to ¢ and acetviatio 
testo 
tcrone prep by 1 method. Pro- 
H XVIII and XIX a by-product was 
: 
: 
| 
R.A B R. H.W Org. Chem, 17, 1369 (1952); 
WwW. S.A S. R.1 Che 76, 6116 (1954) 
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was a monoketal-5,6-epoxide. Presumably the acid medium of the epoxidation 
reaction was sufficient to partially hydrolyze one of the ketal groups. This compound 
could have one of four possible structures, being either a 5x,6% epoxide or a 5f,6)- 
epoxide with a free carbonyl group at C-3 or C-20. As will be shown in the sequel 
its structure was shown to be 5z,6x-oxidopregnan-3,20-dione-3-cycloethylene-ketal 
(XX) 

Treatment of XX with boron trifluoride-etherate in benzene—ether solution led 
in 51 per cent yield to the fluorohydrin (X XI) which was smoothly hydrolyzed with 
p-toluenesulphonic acid and acetone to afford 6 }-fluoro-5 x-hydroxypregnan-3,20- 
dione (XXII) identical in every respect with an authentic sample.* Under more 
vigorous acid conditions, namely hydrogen-chloride in acetic acid. XXI directly 
afforded 62-fluoroprogesterone (XXV).° These two experiments clearly demonstrated 
the x-configuration for the epoxide in the original monoketal-epoxide (XX)" but did 
not discrimin; between the two alternate possibilities for the position of the keto 

point the derived fluorohydrin (XXI1) 


the crude product, h did not exhibit 


eated with anhydrous hydrogen 


XXIV) 


iS 


| spectral data 
XX, XXI and XX 


I bisketal- 


corticosteron tate a ne 
desoxvci terone etat and Compo 17,21-diacetate (XX VIb) 
respective each case tl moketals XXVII (a and b) were prepared by the 
dioxolane method vher permonophtha icid oxid chromatographic 


separation of the epimeric z- -epoxides (XX X1) and (XXVIII) and fission of the 


tior pr 


B. Loken an 


a i 
, 
any carbonyl absorption in the in \\ 
: fg chloride in acetic acid for 4 at ri temperature. The resulting product (Hy 
coe had maximum at ption the ultraviolet at 234-236 mu 1.970 and bands in 
CU al Call ONLY eTpretead on 
sasis of the assigned formul lor | 
The le-etherate fission ,62-cpoxide (XIX) was 
4 
nen a me of the corresp irOxXy - 
in vec! tnt mp m the boro e cle re ol 
the 1 et NOK KX) | ‘ In 
th 7 lal XXII to 6/-fluoropro- 
facil C-20 | tr ride etherate 
suggested a new 1 ( ykketal 
of p es me (XXIII tho 1] | bisket of pro- 
resterone (XVII) ca fro 
treated th boron trifluc et C-3 1 lOKetal 
(XXI11), identical is obtaine per cent yield 
: together with a 6 per « yield of p n¢ 
In Fig. 4 the approaches used to prepare the 6x and 6/-fluoro analogs of desoxy- 
34. known to afford lroxy fluorohyd: pon treatment 
Sondheime M. Ve G. Rosenkr J. An ( 77, 192 (1955) 
‘In Ref. 10° thors report a 79 per « but is (85-90°,) ve been obtained 
H. Dauben, J. Ringold, J. Amer. Chem. S 76. 1359 (1954) 
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x-epoxides (XXXla and b) with boron trifluoride-etherate followed the usual pro- 
lreatment of the derived ketal-fluorohydrin (XX Xa) in the desoxycorticos- 
terone acetate series with hydrogen chloride in acetic acid for 4 hr smoothly led to 
6x-fluorodesoxycorticosterone acetate (XXXIV). In the Compound “S” diacetate 
series mild hydrolysis of XXXb with p-toluenesulphonic acid hydrate and acetone 
afforded the 3-keto-fluorohydrin (XXIX). This compound gave 6z-fluoro-Compound 


“S” diacetate (XXX Va) after treatment for 4 hr with hydrogen chloride in acetic acid 


ceau;©re 


Attempts were then made to prepare 6/-fluoro-Compound “S” 17,21-diacetate 
| prey | 
(XXXIla) by dehydration of the 3-ketofluorohydrin (XXIX) without conconutant 


inversion of the fluorine atom. Mild alkaline dehydration had been used successfully 


for the synthesis of 6 }-fluoroprogesterone’ but the instability of the dihydroxy- 


acetone side-chain precluded its use in this series in other than low vield. However, 


replacement of acetic acid by anhydrous and alcohol free chloroform in the hydrogen 
chloride catalyzed dehydration was successful and 6/-fluoro-Compound “S” diacetate 
(XXXIla) was obtained as the major product of the reaction. Unfortunately, this 


m of the ¢ to the 6a-fluoro compounds with alcohol 


pimerizations of to 6a-hydroxy-A‘-3-ketones, cf. 


The lack of reproducibility if epime;rizati 


irec chiorotorm ren scent OF the 


P. T. Herzig and M. Ehrenstein, J. Org. Chem. 16, 1050 (1951) 
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reaction was capricious and sometimes the only product isolated was the epimeric 
6a-fluoro compound (XXXVa)." A _ reproducible method of preparation was 
developed when a careful study was made of the acetic acid-hydrogen chloride 
reaction. It was observed that after 25 min reaction time the product had maximum 
absorption at 232-234 mu, « 10,000. Accordingly, if the reaction was stopped 
after this period 6/-fluoro-Compound “S” diacetate (XXXIla) could be isolated in 
60 per cent yield. Further treatment of XXXIla with hydrogen-chloride in acetic 
acid readily converted it into the epimeric 6~-fluoro-A*-3-ketone (XXXVa). A pplica- 
tion of this method to XXXa led to 6/-fluorodesoxycorticosterone acetate (XX XIII). 


TABLE 2. MOLECULAR ROTATION AND U.V. LIGHT ABSORPTION DIFFERENCES BETWEEN EPIMERIC 


\*-3-K ETONES 


Compoun \My(60 


From a study of several pairs of 6% and 6/-fluoro-A*-3-ketones two characteristic 
differences between the C-6 epimers have emerged. The rotatory dispersion curve 
of a 6-fluoro-A!-3-ketone is very similar to that of the non-fluorinated parent 
compound,”® whereas the 6/-fluoro-compound exhibits striking differences. At the 
sodium-D-line the molecular rotation difference [AM,, (6«-6/)] ranges from +-293 
to +-406 (see Table 2). Secondly, although the difference in the position of maximum 
absorption of the two series in the ultraviolet is quite small (usually 1-3 my) an 


appreciable difference in the intensities has been observed (see Table 2). The 6a- 


fluoro-A*-3-ketones exhibit maximum e values from 14.450 to 16.220. whereas the 


© C. Djerassi, J. Osiecki, R. Riniker and B. Rinker, J. Amer. Chem. Soc. 80, 1216 (1958) 


(20 pp.) 


7 6% AND 
6x-Fluorotestosterone 312 237 mu 14,450 
219 
312 
6/-I otestosterone 0 234 mu 12.300 
6x-Fluoro-A‘-androstene-3,17-dione 235 mu 15.490 
6/-Fluoro-A‘-androst ne 234 234 12.590 
é 2 aa 
Op-F luoroprogesterone 235 n 13,180 
pe 2 32 2%6 15.490 
9 
17.21 cetat ( 9331 11.220 
. 6x-Fluoro-Compound S 19 236 mu 16.220 
106 
6p-Fluoro-Compound 85 2341 12,300 
soxy-corticosterone acetate 624 236 n 15,490 
6/-Fluorodesoxy-corticoste cetal 339 234 my 10,230 
3 
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6 -fluoro- At-3-ketones have a much less intense maximum absorption, ranging from 


10,230 to 13,180 (see Table 2). 
In accordance with these characteristics 6x-fluoro-Compound “S” diacetate 


(XXXVa) had a rotatory dispersion curve virtually identical to that of Compound 


“Ss” diacetate and exhibited maximum ultraviolet absorption at 236 mu, : 15,490, 
whereas 6/-fluoro-Compound “S” diacetate (XXXIla) had a strikingly different 
rotatory dispersion curve and exhibited maximum absorption at 234 muy, ¢ 11,220. 
The 6 and 68-fluoro analogs of desoxycorticosterone acetate ( XXXIV) and (XXXII1) 
also had light absorption properties and rotatory dispersion curves in full accord 
with their assigned structures. 

Mild alkaline hydrolysis of 6x-fluoro-Compound “S” diacetate ( XXXVa) afforded 
62-fluoro-Compound ( XX XVc) characterized as the C-21-mono acetate(XXXVb). 
Similarly XXXIla readily gave 6 }-fluoro compound “*S”’ (XXXIIb) 

Selenium dioxide oxidation’ of 6x-fluoro-Compound “S” diacetate (XXXVa) in 
tertiary butanol smoothly yielded the corresponding A!-analogue (XXXVIa) which 
upon mild hydrolysis gave A'-6x-fluoro-Compounds S (XXXVlc), characterized as 
the C-21 mono acetate (XXXVIDb). 

The syntheses of these C-6 fluoro analogs of Compound and their A'-derivatives 


made available substrates which by biochemical methods have been directly converted 


into 6«-fluoro-hydrocortisone and 62-fluoroprednisolone and hence indirectly into 
These studies will form the basis of a future 


the cortisone and prednisone analogs. 


publication 


EXPERIMENTAI 


Melting points are uncorrected Rotations were measured in chloroform and ultraviolet absorption 
spectra in 95 ethanol solution. The rotatory dispersion measurements were obtained with a 
Rudolph Spectropolarimeter in dioxane solution using a xenon arc np (250-350 my) and a zu 
conium are np (350-700 mu). We are rrateful to Dr. L. Throop and his stafi for these neasurements 
and for the infrare spectra whicn were ybtained ina Perkir Elmer Model 21 spectrophotomete! 
with a sodium chloride prism. The alumina used for chromatography had been suspended in boiling 
ethyl! acetate s lution for 6 hr. filtered and dried If 36 hr at 100 The elemental analyses were 
carried out by Mr. J. F. Alicino Metuchen, N. Jersey and Dr. A Bernhadt. Mulheim, Ruhr, Germany 


Boron trifluoride cieavage oO 
Boro fluoride etherate (O°5 cc) was added & 1 solution of 5x,6%-oxidopregnane 20-one 
(500 mg) in benzene-cther (1 | 50 cc). After keeping at room temp for 3 hr the solution was 


washed 


Removal of the solvent aflorde product c vas adsorbed from benzene (300 cc) onto alumina 
(30 g). Elution wi benzene—cthe 1): 10; 600 cc) orded 6$-fluoropregnan-5-ol-3 ,20-dione 
(VII) (220 mg) m.p. 265-270 sed by crvstallization from aqueous pyridine to 276-279", unde- 
pressed on admixture with an auther tic $ sle The infrared spec of the two compounds were 


identical 


ior 
Peracid oxidal es 


Pe nophthalic ac +-§ @) in ether (100 cc) was added to a solution of testosterone acetate 
cycloet ketal (X) (4-0 g) in chiorofot (100 cc) at O° over 10 min After keeping it O° for 
16 hr the j ! vas weshed V h cold sodiun carbonate solution (5 ) until it was free of acid 
and ther ished with water and finally dried over sod im sulphate. Removal of the solvent afforded 
a product which was adsorbed from benzene hexane (50 : 50; 100 cc) onto neutral alumina (200 g) 
Elution wit benzene eXane (5U 50 400 cc) and benzene (400 cc) ifforded after one crystallization 
from benzene hexane h aii irostan 17 }- ol-3 - ome - lo« thvle = Ke tal 17 -ace fate (XI) 
eH IR id, G. Rosenkranz and F. Sond mer. J. Ore. Chem. 21, 239 (1956) Ch. Meystre, H. Frey, 

Wettste H Chim. Acta 39%, 734 (1956). © S. A. Szpilfogel, T. A. P. Posthumus, 


Ww. Ve 1A 
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(950 mg) m.p. 141-143", raised by crystallizations from benzene—hexane to 146-148", [a], —9° 
(Found: C, 71-02; H, 9-04; O, 20-10. C,,H,,0, requires: C, 70-74; H, 8-78; O, 20-48%) 


Further elution with benzene-ether (90 : 10; 1-6 1.) gave after one crystallization from benzene-— 
hexane 5,6x-oxidoandrostan-17 }-ol-3-one-3-cycloethylene-ketal 17-acetate (XID g), m.p. 


182-184", raised by several crystallizations to 184-185", [a], —88°. (Found: C, 70-52: H. 8-71; 


O, 20°41. C,,H;,O, requires: C, 70-74; H, 8-78; O, 20-48°) 


6(-Fluoroandrostan-5,17 
Boron trifl 


benzene ner | 


i-diol-3-cyc loethylene-ketal 17-acetate (XV) 

uoride-etherate (0-25 cc) was added to a solution of the 5x.6x -epoxide (XII) (250 mg) 

30 cc) and kept at 20° for 4 hr After washing the solution with water 

ying (Na,SO,), removal of > a product which was adsorbed from 
n ‘ (100 cc) 

(XV) (130 mg) m.p. 157-160 


OV crystallizations 
164 ur 


CH,OH 
F, 4-45 


ostan- 


j »/-3-one (XIV ) 
cetate (XV) (400 n 


+f) 


pyridine 
(XID) (8 


presse aon 


(XIV) (100 


ne—nhexane 


infrared spectra of the two compounds were identical 


Peracid oxidation of progesterone 3,20-bish 


etal (XVII) 
Permonophth tlic acid *° (29 g) in ether (400 cc) was 
bisketal?® (XVII) (30 g) (m p. 190 192° and I 


having no carbonyl! band in the in 


added over 15 min »vesterone- 


chiorotorm 
Diera 


irkas d nin, . ind 2969 (1954). 
1% Bowden, | ellbron one nd edo c. 39, \. Bowers 
T. G. Halsall, one nd mi bid, 2 
Prepared according 


ils ar arrel xc. 77, 3405 
(1955). 


in 

(4 20 cc) 

x benzene (20 
diol-3-¢ 
iro yenzene—Nexane to 162 
requires: C, 66-11; H, 8-75: 

a oe lhe monoketal-17-a )in dry ether (30 cc) was added over 5 min with stirring 

oe Brion to a su s10N « uum aluminum hydride (300 ) ether (30 cc) at t p. After stirring 

atl n ine excess ol n etl cetate. Isolation 

further p n was | f « id 3 

4 } } j ( cry cetone exane 

| orded tan-5%,17 (XIV 207-210 232-234 17. The 

a ( 0-34: H, 9-00: F, 5-8 ) 

62-Flu lestosterom fate (X111) 

(a) 6$-Fluoroandrostan-5x,] diol-3-o1 XIV) (150 mg) etic ac 10 cc) 15-20° was 
treatec thas lv streal var fo { n ke it mp for 
a further hr. Addition of water and { ford XIII) (100 mg) - 
m.p. 160—-169°, raised by crv fro ne—hex to 
>2 74 79.21 
15.500 1740. 1680 (Found: ¢ 2°31; H, 8-68; F, 5-84. C.,H..O.} 
requires: C, 72:38; H, 8-38: F, 5-45 
(b) Acetic anhydride (0-5 cc) was ead i . tion oF ¢ fluorotest ne 100 mg) in 
om ie After keeping at 20° for 17 ’ f water and f d 17 tate 
— 17 17 77 
mg) m.t 1 /U-—1 /¢ used Dy crysta iro acet inde- 
: Bs admixture with the product prepared as in method (a). The infrared spectra were identical : 
6)-Fluoroandrostar (XVI) 
4 solution of 6/-fluoroandrostane-5x,17 ol-3-one me) i: etone (10 cc) was 
oxidize wi 8 N-c I e us \ After precipitation wit! ) itlorded 
(XVI) (80 mg) p. 210-215", raised by crysta tions from 
5 xture with an authentic sample The 
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After keeping at 0-5 for 16 hr the solution was washed with 5°, sodium carbonate 


(750 cc) at 0 
Removal of the solvent 


solution (3 200 cc), water j 


(4 100 cc) and dried over sodium sulphate 
afforded a product which wa henzene—hexane (50 : 50; 500 cc) onto neutral alumina 
(1-5 K). Elution with ber rded 
(8-5 n 151-156 


71-42 


161-163 x] 0. (Found: ¢ 
O, 19-11%) 


afforded 5x,6x-oxido- 

y three crystallizations 
lizations raised the m P 


epoxide (XX) 


a 
H. 8-98: O, 19-51. C,,H,.O, requires: C, 71°74; a 
pregnan-3,20-biscycloethylene-ketal (XIX) 13-5 g) m.p. 154-168", 1 
hevar 4% 7:34 @) Further c 
from ethyl acetate—ne 5 
to 183-185 Lit ecords m.p. 186-18 
‘ , rf bisk epoxide were combined and the 
prod was rechron ¢ 300 g). Elution with benzene (22 1) ded 
4 ; 1695 and 1097 cn (Found: C, 73-68; H, 8-94; O, 17-34. ,O, requires: ©, /9°/0, 
H. 915: O, 17-09",) 
nan-S2-ol-20-one-3 thyler (XX1) 
14 n of the 3-monoketal-:- 
Be de-cthe ‘ ¢ 
eer e—he e (5 0 
400 cx ed ¢ 
1710 Found: C. 69-68: H, 893; F, 4 C,,H,,O,F require 0-01; H 
‘ 
‘ 
(50 cx e (Sec) cor 
XX 
‘ 
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for 4 \ 
0 
O11 
0-11 
6z-ep e (XIX) (1-0 2) 
G. Ce B. D. N. Kirk and V. Petrow, J. C/ SENS 
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5%, sodium carbonate solution (2 « 50 cc) and water (3 100 cc) and drying (Na,SO,) the solution 
was diluted with benzene (150 cc), concentrated to 100 cc and then adsorbed onto alumina (50 2). 
Elution with benzene (400 cc) afforded 6 }-fluoropregnan-5x-ol-20-one-3-cycloethylene-ketal (XXI) 


4 
(460 mg) m.p. 128-133”, raised by several crystallizations from benzene—hexane and methanol—water 


to 144-146 undepressed on admixture with the s imple prepared as described above. The infrared 
spectra of the two samples were identical 

Further elution with benzene-ether (90 : 10; 250 cc) afforded after one crystallization from 
ethyl acetate—pyridine 6/-fl (XXII) (90 mg) m.p. 278-279 undepressed 


on admixture with an authentic specimen: [2], 6 (pyridine). The infrared spectra were identical 


Boron trifluor ide-etherate freatment of progvesterone-biscye loethylene -ketal (X\N Il) 
Boron trifluoride-etherate (0-5 a solution ol progesterone biscycloethylene- 


ketal’ (XVII) (S00 mg) (m. 17 10 carb. 


bond in 


dint iN red) in dry 


benzene—ether (1 SO solution was washed with sodium 


hen <r rit ve 
bicarbonate solution (25 c and wal ) ind n dried (Na.SO,) and removed 


unde vacuo una (30 g) 

(XXIID 

ndepressed 

no selective 

240 


»ressed 


ded 


lorodes- 


oxycortico ror acetate (XXXIV) (230 n 


rations from 


| 
4 
. 
on admixture with ar nie of nrosesterce 
Peracid oxidation of de ticosterone acetate 3-n yclo-ethylene-ketal (XXVIla) 
| 
of desoxycorticosteror XXVID) (36 ncl 
(4 200 cc). d Na.SO.) and 4 
enzene i fte 
or ix enc e 5 ? 20 } e- 
é j XXVIII $19 ‘ 199_.200 
58 (Four C, 69°52; H, 8-41; O, 22-08. C..H,,O0, re es: C, 69°42; H 9: O 
221 ) 
- er ¢ ethe 0:10, 10 1.) orde ? 20-ome 
xX xX xX } 515-24 ‘ ns 
tre f 943245 »0 ( ) O.21-81. C..H.O 
re C, 69-42: H 9: O, 22-19%) 
Re luorik 1-0 cc) f 
XXXIa) 
C, 66°30; H, 8-36: | 5. C,,H,-O,F requires: C, 66-34: H. 8-24: F. 4-20 
6x-F en-21-ol-3,20 21-acetate (6x-fluorod ticost acetate) (XXXIV) 
oe a product (360 mg) m.p. 145-156. One cryst on fire cetone ine yielded 6~-flu=—_7!! 
) 1.1. 166-168 , raised by several crystal 
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15,500. AS®. 1735, 1715, 1670 and 


acetone-—hexane to 169-171 


O,F requires: C, 70-73; H, 8-00; F, 


1625 cm (Found 


4-86 
tate (XXXIDD) 
vdrin (XX Xa) 


ip oduct 


(XXXIb) 


acetone (10 cc) containing 


ition of the solvent and 


Son 


<a 
‘ Addition of ice water and hiltration gave 
(500 me e dic e (50 cc) silica-celite 
j 
XXVI 
AVI 
| 
‘ 
66-10; H, 781; O 
XX | 2; O, 25-62. 
26-09 
{) aff led 
AA ) re“ Cs 
, ( 63-00 H ( H,,O,F re 
a C. 63-51: H 0; | 
9 ne 17.21-diacetate (XXX) 
1 ¢ Rosenkranz and F. 
H. J. Ringold, G 
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crystallization of the product from chloroform—methanol afforded 6/-fluoro-pregnan-5«,17x,21- 
triol-3,20-dione 17,2\-diacetate (XXIX) (53 mg) m.p. 215-219", raised by further crystallizations to 
225-227°, [x]; 0°. (Found: C, 63-49; H, 7-73; F, 3-94. C,,H,,O,F requires: C, 63-60; H, 


17,2\-diacetate (6x-fluoro-Compound “S” diacetate) 
(XXXVa) 


Dry hydrogen chloride was bubbled for | hr through a solution of 6/-fluoropregnan-5,17«,21- 
triol-3,20-dione 17,21-diacetate (X XIX (1-5 g) in glacial acetic acid (100 cc) at 15° (just above the 
freezing point of the solution) he flask was then stoppered and kept at room temp for a further 

Addition of water and filtration afforded 6x-fluoro-¢ ompound **S” diacetate (XXXVa) (1 17 g) 


raised by crystallizations from acetone—hexane to 241-143", [x] / 36 mu, 


m.p 
XXXVa gave a positive test with triphenyltetrazolium 


15,490. 1730, 1680 and 1620 
chloride 
Rotatory dispersion curve: (C, 0-061 in dioxane) + 14°8°, []s » 87-5°, [a]sz0 
48°, 64-4", [2] 1850 
Rotatory d spersion rl Reichstein's Compo ind 17.21-diacetate . 0-071 in dioxane) 
[x] [x] 119°. fal 71-6. [a] 55°. fal. 320°, 1805 


1605 


(Found , re; 4-48. C,,H,,0,F requires 


62-Fluoro-A\*-pregnen 21-diol-3,20-dion »x-fluoro- spound (XXXVc) 
A suspensi “Tit om u acetal (XXXVa) (800 mg) int 


containing pot ium hydroxid mg) was stirred under ogen at O for 1 


m 


(XXXVIc) 


+ 


[x] 66°: 
C. 69-60: H, 7-51 
The C-21-mono acetate (XXXVIb) prepared 


m.p. 224 4°. 240 mu 16,000. (Found 


requires 


23 R. B. Burton, A. Zaffaroni 


4 5); I » 
— ethanol (8 cc) 
After 45 min a 
. - 
| ae complete solution was obtained. Acidificatior h acetic acid, addition of ice—salt water and 
aa filtration afforded 6x-fluoro-Compound “S* (XXXVc) (510 mg) m.p. 188-192, raised by several 
ooo oe f 1450, 1710, 1678 and 1625 cm (Found: C, 69-34; H, 8-34; F, 5-53. C,,H,,O,F requires 
C, 69-20: H, 8-02: F, 521°) 
Ts. The C-21 mono acetate (XXXVb) prepare n the usu way m.p. 229-231 , 130 
936 mu 16.100 1470. 1745. 1720. 1660. 1620 cm (Found: C, 68-15: H. 7-84: F. 4-67 
3. 20-a e 17,21-diacetate (XXXVIa) 
* 6x-Fluoro-Compound “*S” diacetate (XXX\ 2-0 ydrous tert y butanol (100 cc) was 
heated de eflux nder nit nh sel ‘ 0 24 
e (100 cc) de nd ered thre precipitated 
scleniun Evap« e solvent ip ict W ile 200 cc) 
3,20-dior fe (XXXVI 246-245 t cetone 
hexane to 251-253 0. / 242 16.950. (Found: C, 67-03: H, 7-09: F, 4-69. 
requires: C, 67-23; H, 7-00; F, 4-20 
6x-Fluoro-A weenadien-17«,21-diol-3,20 ne (XXXViIc) 
4 suspension of 6-fluoro-A pregnadicn 21-d 3,20-dione 17,21-diacet (XXXVIa) 
(1-0 n ethano 10 cc) cont 100 wen at 
torlh After 35 compictc nw ) cetic acid, additics 
of ice—salt water an t on afforded 6x-fluoro-A egnac 2 ol-3,20-dione i”! 
(740 mg) m.p. 209-214 sed by s crysta ons from etate—hexane to 210-212”, 
i: C. 69-40: H. 7-74: F. 5-06. ¢ H requires 
= | 
: ae | the usual way (pyridine—ace anhydride) had 
ees: C, 68-31; H, 7-23; F, 4-70%) 
and H. Keutmann, J. Biol. Chem. 188, 763 (1951) 
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-liol-3,20-dione 17,2\-diacetate (6/)-fiuoro-~Compound diacetate) 


(XXXIla) 


(a) Dry h a rough a suspension of ¢ T reynan- 


ee Cnio;ro- 


occasional 


XXXIla) 
(XXXVa) could 


- 
es form** ($0 cc) at 0-5°. The flask was then stoppered and kept for 16 hr at room temp with Samm > 
the on. Addition of water and 
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11990 
‘ 549° fn} 
1340 Fo 6f H F, 4-42. C..H F require 
C, 66°93: H, 7-41; F, 4:24 
he 
Md XXIX 00 cc) at The 
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IN 1954 Fried and Sabo® reported the h f the first fluorinated steroid hormone, 
9x-fluorohydrocortisone This mpound : remarkable in that it exhibited 
approximately ten times the liver gen activit' hydrocortisone in the adrenal- 
ectomized rat and approximately twen mes the glucocorticoid activity of hydro- 
cortisone in man.’ _In addition it had mineralocorticoid activity equal to that of 
aldosterone.’ 

These findings stimulated rable intere n fluorinated steroid hormones 
which was increased when some 12-fluoro-° and 21-fluoro steroid hormones” were 
shown to exhibit more favorable biological activities as compared to the non- 
fluorinated parent compounds 

In view of these remarkable biological findings it seemed desirable to investigate 
the synthesis of steroid cortical hormone analogs with fluorine substituents in 


positions other than C-9, C-12 and C-2 


Recently we described the synthesis of several 6x- and 6/-fluoro steroid hormones! 


and in this paper we wv ish to report an extension this work to the synthesis of a 


series of 6z-fluoro-* and 6«.9«-difluoro-cortical hormones These compounds 


represent a new class of highly active cortical hormones 
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trioxide oxidation of Il and gave 6x-fluorocortisone and ¢ luoroprednisone 
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In view of the availability of 6x-fluoro Reichstein’s Compound “S” (6a-fluoro- 
A‘-pregnen-17x,21-diol-3,20-dione)' (1) and the reported transformation of Compound 
“§” into hydrocortisone by biochemical methods,"” a plausible route to 6a-fluoro- 
hydrocortisone appeared to be by I! }-hydroxylation of 62-fluoro-Compound “S” (1) 
It was considered unlikely that the fluorine atom at C-6 would interfere markedly 
with enzymatic hydroxylation at C-11 

Indeed. incubation of 6x-fluoro-Compound “S” (1) with bovine adrenals 
from freshly killed animals led in 65 per cent yield to 6-fluorohydrocortisone, 


9,10 


isolated as the C-21-monoacetate (I1).""_ These two conversions are the first instances 
of adrenal incubation of compounds containing halogen substituents 

Selenium dioxide” oxidation of Il smoothly afforded 6x-fluoroprednisolone 
acetate (III). The latter compound was also prepared by the adrenal incubation of 
A!-dehydro-6x-fluoro-Compound (LV) followed by acetylation 

A rigorous proot that compounds II and III have the assigned structures 1s 
presented in the sequel 

6a-Fluorocortisone acetate (Va) and 6a-fluoroprednisone acetate (Vila) were then 
obtained by the respective oxidations of I! and III with 8 N chromic acid in acetone 
solution.’ 

An alternate, completely chemical route to 62-fluorocortisone acetate was then 
investigated. Previous work' has shown that 6-fluoro-A*-3-ketones can be prepared 
from the parent At.3-ketones by boron trifluoride etherate cleavage of their derived 
3-cycloethylene ketal 5x,6x-epoxides followed by treatment with anhydrous hydrogen 
chloride 

However in view the known instability of 17x-hydroxy-20-ketones (with or 
without a C-21-hydroxyl group) to some types ol Lewis acids, for example, aluminum 
isopropoxide™*” or boron trifluoride in acetic acid’ readily induce D-homo 
rearrangement. it was necessary to establish the stability of this ketol system to an 


excess of boron trifluoride in an ether—benzene mixture for 3 hr at room 
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temperature. Although these conditions are h milder than any reported previ- 
14.15 


ously D-homo rearrangement does occur 


| CH.OH CH.OAc CH, OAc 
OM 40. HO 
re] Row 4 
| 
| 
| 
x 
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Compound L (allopregnane-3 }.17x-diol-20-one) (A) for example, afforded 
3/3, 17a-dihydroxy-17 }-methyl-D-homoandrostane-|7a-one (By) in 51 per cent yield, 
together with a by-product m.p. 196-197", [a] p 118° in 16 per cent yield. The 
by-product exhibited bands in the infrared at 339 cm~', 1700 cm™ and 1683 cm™'. 


However. 17x-acetoxy-20-ketones are known to be stable to Lewis acids 16 Thus 


a desirable precursor for the preparation of 6x-fluorocortisone acetate appeared to 


be the ketal-epoxide diacetate (XI) and two alternate routes to XI from cortisone 
acetate (VII) were investigated 

The room temperature acetylation of cortisone acetate with acetic anhydride 
and acetic acid in the presence of / -toluene-sulfonic acid is known to afford cortisone 
diacetate’™"” but we were not able to obtain better than a 38 per cent yield of the 
diacetate (1X) by this method. A similar yield was obtained by acetylating cortisone 
acetate with acetic anhydride under reflux for 24 hr in a nitrogen atmosphere."* 
However ketalization of IX by the dioxolane method'® did lead to the corresponding 
:-cvcloethviene ketal (X). albeit in only 53 per cent yield. A superior approach to X 
was then developed via cortisone acetate-3-cycloethylene ketal (VIII).*° This com- 
pound has been prepared from cortisone acetate (VII) in 94 per cent yield*”’' by the 
dioxolane method'® and it remained only to acetylate at C-17 with preservation of the 
acid labile ketal system. This was carried out by heating a solution of the ketal 
monoacetate (VIII) in acet anhydride under reflux for 24 hr in a nitrogen 
atmosphere in the } nce oO livided calcium carbonate. Under these condi- 
tions a 55 per cent yield the ketal diacetate (X) was obtained. Epoxidation of xX 
with monope ialic acid then led in high yield to the «-epoxide (XI), which under- 


iff | 


went fission uoride' in anhydrous benzene—cther solution to 


roxy fluorohydrin (XII). Anhydrous hydrogen chloride 
treatment of min' gave 6/-fluorocortisone diacetate (XIII). Pro- 
longation he reaction time to 24 hr afforded 6-fluorocortisone diacetate (Vb) 
The molecular ations and ultraviolet light absorption properties of XIII and Vb 
assigned structures It is noteworthy that the time for 
rine atom in the presence of the |1-keto group ts 

-fluoro- A‘-3-ketone.™ 


} rt hl. 
e oxidation of 6-fluorocortisone diacetate (Vb) smoothly 


Selenium gioxid 
afforded 6x-fluoroprednisone diacetate (VIb). Mild alkaline hydrolysis of Vb in a 
nitrogen atmosphere followed by room temperature acetylation with acetic anhydride 


and pvridine led to 6x-fluorocortisone acetate (Va) identical in every respect with the 


product obtained by the chromic acid oxidation of 6«-fluorohydrocortisone acetate 
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(11). This reaction sequence affords unambiguous proof that the adrenal incubation 


of both I and IV introduced a C-11 hydroxyl group. The 11/-stereochemistry of the 


hydroxyl group follows from its method of introduction™ and its inertness to 
acetylation with acetic anhydride and pyridine*® (see Experimental section). 
CH,OAc CH2O0Ac 


OH 


c=0 
OH 


XVI 


activity’! it was of 
(XVI) and its 
»z-fluorohydro- 

Fried and Sabo 
‘-dimethyl formamide at 


hr- led nd “S” (XTV) Conversion 


of XIV to the 


hypobromous 


i 


‘eatment with 

ich without 
purincation Was Cy late in acetone. 
Finally, rupture of the ey le with hydrogen fluorid y the Merck modification*® 
of Fried and Sabo’s o1 hydrocortisone acetate (XVI). 


Selenium dioxide™ oxidati ifluoroprednisolone (XVII). 


j 
Bio. 


As can be seen from Table introduction of a 6z%-fluorine atom increases 
anti-inflammatory and thymolyt 


ties by a factor of from five to ten.** Vila 
exhibited neither sodium retention nor sodium excretion properties while compounds 
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In view oT the known effect ola 9~-fluorine atom on biological 
considerabDie interest to prepare loronydrocortison iC 
\'-analog (XVII). The introduction of the 9«-fluorine atom 1 
cortisone (Il) was carried out using essentially the method o 
Treatment of Il with methane sulfonyl chloride in pyridine-din 
5 
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Il, 11 and Villa were sodium excretors.2* In contrast to the very high sodium 


retaining properties of 9z-fluorohydrocortisone acetate® and 9a-fluoroprednisolone 


acetate” the corresponding 6x-fluoro analogs XVI and XVII were only mild sodium 


retainers.~” 
Taste |. 62-FLUORO AND 


Thymolytic 


Compound 
vil activity 


EXPERIMENTAI 


nm 
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ge 
62.92-DIFLUORO CORTICOIDS 
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rohvdrocortisone 
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»0 23 
acetate (\ lila) - ia 
62-1 prednisolone 
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62,92-Dil prednisolone 
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di : 
tc 
m 4) 
1685 « C, 78-70; H, 10-40 
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62-Flu wcetate (1) 
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(194 K. Flo Sabo. J. E. Herz, A. R. Restivo, A. Borman and F. M. Singer, 
Ibid. 77, 4 
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(b) Buffer solution (Phosphate buffer solution, 0-1 M, pH 7-4). Consists of a mixture of 850 cc 
of 0-1 M K,HPO, (17-42 2/1.) and 150 cc of 0-1 M NaH,PO, (13-8 g/l.) 


(c) Sodium fumarate solution. Fumaric acid (17-4 g) and sod in? vdroxide (12-0 g) were dissolved 
in water (approx 500 cc) and the pH of the mixture was adjusted to 7-0 with a potentiometer by the 
addition of sma amounts of fumaric acid or sodium hydroxide The solution was then diluted to 


1000 cc with distilled iter 


The incubation medium was made by mixing 1000 cc of solution (a), 110 cc of solution (b) and 


270 cc of solution (c). For the tion there were used 2 p of medium for | part of glands 
Py T} ne er ne € ist € ise 
kept in ic f labs ere | odium chloride 

Five nde 0 |. of the afore- 

f he 
acetone 
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Fluor ice te (\ i) 

6a-Fluorohydrex yne acetate (IT) (150 mg) in acetone (7-0 cc) at 0° was treated with a slight 
excess of 8 N chromic acid'* (permanet nge color) and then kept at 0-5° for 2 n Addition of 
water and wetate (Va) (140 mg), m.p. 215-220°. raised by 
crystallizations fro icetone—her to 222-223 190 233 16,220. (Found 
C, 65-05; H, 7:20; F, 4-97. C,,H..O.F requires: C, 65-36; H, 7-02; F, 456°) 
6x-Fluoroprednisone acetate (Via) 

6z-Fluoroprednisolone acetate (II1) (61 mg) in acetone (6 cc) at O° was t ted with a slight excess 


of 8 N chromic acid" (permanent orange color) and then kept at 0-5S° for 2 min. Addition of water 


: 
7 
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fed f prednis cetate (Vila) (52 mg), m.p. 223-225° raised by crystalliza- 


and filtration afforded 62-flu 
238 mu 15.500 (Found 


acetone 


H. 66! 4-40 , requil F. 


21-diol-3,11,20-rrione 17,21-diacetate) (1X) 
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6$-Fluorocortisone diacetate (X11) 


Dry hydrogen chloride was passed through a solution of 6/-fluoro-A -pregnene-5x,17x,21-triol- 
(XI1) (3-85 g) in acetic acid (125 cc) at 15° for 


79 


< 2) m 


11,20-dione 3-cycloethylene ketal 17,21-diacetate 
rded fluorocortisone diacetate (X11) (2 
210-214 raised by crystallizations from ne—hexane to 214-216’, +62°, 232-234 mu, 


C, 64-93: H, 7-00 O,F requires: C, 64-89; H, 6°75; F, 410%) 


Pan) Addition of water and filtration afforded 


11.480. (Found 


69 luo ortisone diacetate (Vb) 
4 solution of 6/-fluoro-A’-pregnene-5 -11,20-dione 3-cycloethylene ketal 17,21- 
diacetate (X11) (600 in al ows iturat iry | lrogen chloride and 

1e diacetate (Vb) 


(200 mg). The 
16.000 


ng potassium hydroxide 


on was obtained 


room temp 
ad bed 
cetone 


e 


N-Brom 
\! 
0-46 N 
acid 
and t We 
(Na.SO,) and the solvent 


luct in acetone (140 cc) and 


solution of the crude produc al of the 


bulk of the solvent on the steam bath, addition of water and filtration gave a product which was 
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m.p. 25 24U raised Dy chromatography Over silica celite (1: 1; 30g) to 268-—2/2 
analytical sample tro cetone-hexane had m.p. 270-272 . | 108 f 232-23 
} (Found: C, 63-27; H, 6°70; F, 3-90. C.,H,,0O-F.1/2 H,O requires: C, 63-68; H, 6°84; F, 403%) 
{/kaline hydrolysis of 6x-fluor wtisone diacetate (Vb) 
suspension of the diacetate (Vb) (250 mg) in methanol (2:5 cc) containi/ 
2 Oks (25 mg) ; Stirred at O under nitrogen for 1{ h After 1} hr a complete solu ii! 
ee After acidification with acetic acid addition of water ar lation with ethyl acetate gave juct ‘ 
a a whicl is dissolved in 1 ne (5-0 cc) contair o tic nhvdride (0-5 cc) | kept at 
for 16 Additio i 11s ition vil ‘ cela a prod W 
from met! ne dichloride ont ca—celite (1 208 Elution with met! ne dichlo 
4 
(R80 : 20 300 cc) orded a tractior nich alter ¢ Lid irom acetone—nexane gave 
fluorocortisone acetate (Va) (30 m.p. 207-210 used by cryst ition fro cetone—hexane to 
217-219 ndep admixture with an thentic sa The ed spectra of the two 
samples were identic: 
t-huty 250 cc) cor r 0-8 cc eated nde ref ina nhere of 
nitroge 24 | xture h ethyl ace e )cc) d ered 
thre cx ithe s nt t CC tered, 
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(2°25 n.p. 255-258 ( ‘ 260-262 63 , 
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Methane sulphony! ¢ le (l-6 cc) w | ( f 6x-fluo lrocortisone acetate 
(11) (2-9 n dimethv! 24-7 nd d the eate 80° for 14 hi 
Add fice and Ic produc C adsorved from 
benz¢ nto silica—ce 160 g). | yenzenc er (80: 20 ) afforded 
: \ 20 ? e (XIV) (2:04 g) m.p. 219-221 raised 
by crys izations icetone to 222-224 | 234-23¢ 13,850 (Found 
C, 68-08: H, 7-17; F, 4-4 ( rec < 8-29: H, 7:23; F, 469%) 
21-diol-3,20-dione 21 ite (XV) 
; 75 2g) was added portior over | hr to a stirred suspension of 6x-fluoro- 
diol-3,20-dione 21-ac e (XIV) (3-75 g) in dioxane (37:5 cc) containing 
os cc 20 After af er hour at room temp the excess of hypobromous 
a addition of sodiun phite solution (10°,). Ice water was then added 
: cted with ethet The combined extracts were washed with water, dried ’ 
c ed at 25° i Potassium acetate (3-75 ¢) s then added to a 
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adsorbed from benzene onto silica-celite (3 : 1; 200g). Elution with benzene-ether (70 : 30; 2-9 1.) 
afforded the 9/,11/-epoxide (XV) (2°65 g) m.p. 198 201° raised by several crystallizations from acetone 
to 205-206 + 60°, 236-238 mu, 12,600. (Found: C,65-96; H,7-15; F,4°86. C,,H,,O,F 


requires: ¢ 65-69: H. 695: 


6x,9x-Difluorohydrocortisone acetate (XV1) 


21 ‘tate methylene dichloride 


(50 cc) was added ring min 1 an us ofluoric acid (2 5 g) 


ixture was kept 
Isolation 
ihydride 
icetate 


with 


ana tetranyaroturan (4 at J ter atu wer min at ne reacuon 
BL a with methylene dichloride gave a product which was dissolved in pyridine (15 cc) anc ee 
(2 cc} ca Sie Additio ice na extra mon 
rave a prox whic ed from benzet ito silica—celite (3: | 100 ¢). Elution 
benzene—ether (70 : 30: 450 « led ¢ ) e acetate (XV1) (1-05 g) m.p 
220-222" raised by cryst ns from aqueous 224-221 118°, 234 my, 
19,900. (F« C, 62-98: H, 6°66; F, 8-39. C,,H,.O,F, re es: C,62:71; H, 6°38 63°.) 
Sc ded 1 sO ) hydrocortisone acetate 
(XVI) (64 c) 0-08 cc) eated under reflux wit! 
ed f elite (3:1 30 g) 
23 0. C, 62 H, 641; | 22. Cy,H,.O.F, requires: C, 62-98 
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ADDENDUM TO Vol. 6, No. 2 


: 6-Anhydro-D-galactose (Galactosan 1,5) B 1,6))* 


(Received 1 June 1959) 


Arbeit stellen der pyrolytischen, mit sehr schlechten Ausbeuten arbeitenden 


Dit Verfasser obiget 
beruht, gegeniiber 


Methode! ihre Methode, die auf einer Verbesserung der von Montgomery et al 


Sie erwahnen nicht, dass das p-Galactosan «(1,5) £(1,6) erstmalig bereits 1929 von mir® in guter 


Ausbeute aus Acetobrom-p-galactose tuber das Tetraacetyl-p-galactosido-trimethyl-ammonium- 
bromid synthetisiert wurde. Einfacher und ebenfalls mit hohen Ausbeuten geht der Weg iiber die 


}-1-Fluor-b-galactose, aus der es mit Alkali oder mit basischem Austauscher,’ in letzterem Falle 


sofort analysenrein, anfallt 


Oreganisch-chemisches Institut der MICHEEI 


Universitat Miinster (Westf.) 


* Bemerkungen zu einer Arbeit von A. Fernez und P. J. Stoffyn, Tetrahedron 6, 139 (1959) 
J. Amer. Chem. S 64, 2435 
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HY POHALOUS At TIONS TO METHYLENES 


Compo 


OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
CH,OH 
CH,OH 


CH,OH 


, represent cycioalk 


*The first value in each case is 


value ts that for the product obtained 
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TABLE 1. PRODUCT DISTRIBUTIONS CLOALKANES 
ae Hypochlorous acid Hypobromous acid 
Ring 
Prop yn of to Proportion of tota 
CH ( (CH. 
sroduct nrod ts 
CH.OH CH,OH 
t t roduc M pentane 
TARLE 2 Pu PI METHYLENE( ALKANE HALOHYDRINS 
\ 
MIR 
B.p 
4 
CICH, 56-60 
(20) 1-135 11-4688 10-0 29-¢ 
CcCi—C, 69-70 1-154 |-4760 30-0 29-5 
20) 1-153 1-4765 99-5 F 
CICH, 57-58 1-143 |-484] 
(6) 1-144 1834 124 
62-63 1-182 34:1 33.7 
1-183 23.7 
CICH 54-55 1-12 024 38.7 12.9 
1-128 030 39-0 
1-113 1-4905 32.7 32.46 
1-113 1-4910 32-7 
CICH 56-58 1-118 1-4997 43-3 42-8 
?) 1-119 1-4990 42-7 
(2) 1-127 43-2 
Br—C, 64-65 1-506 15041 32-9 32-5 
(10) 1-506 1-5036 32-4 
Br—¢ 1-463 1-5126 37-0 36-8 
(? 1-463 1-5126 36-8 
. 
Br—C, M.P. 82-83 
Br—C,—_Bl 73-74 1-339 1-5232 46:2 47:3 
a (3) 1-340 1-$225 47-2 
4 *C,, C,, Ctc. y | id inc ructures with t imber of ring carbons indicated 
t for independently synt red (“authentic”) halohydrin; the second 
hypohalous acid addition to the olefin. 
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Hypohalous acid additions To a well-stirred, chilled (below 15°) suspension of methylene- 


cycloalkane (approx. 0 12 mole) in water (200 ml) was added about 1/5 of slightly more 


theoretical amount of fres! listilled, cold hype 1alous acid solution. When the 
turned acidified starch-iodide paper blue, 
the hypohalous acid so 
th NaCl The lower layer was sepal ited 


MgSO,. The infrared spectrum 


ISCUSSION 
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Brown, J Brewster and Shechter, J. Amer. ¢ 
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co Attack on an olefin by a positive halogen will lead to an intermediate with car- 
a ie bonium character and with the loge! orma attached to the less substituted 
carbo The dat 1 Table | clearly indicate that ring su 1 these exo-olefins has 
an effect on the orientation in HOC! additi [he preponderance of abnormally 
oriented sil the 4- and 6 rings 18S CO tent with the view 
that trigon carbo! n those rings are iess favored than S- and /-membered 
ones.~’ Possible reaction ns are indicated in the equations 
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The initially formed pi-complex (I) may rearrange as usual to the conventional 
carbonium ion (II),* 4 or it may suffer direct attack by water to give III, the 
abnormally oriented product. The carbonium ion Il combines with water to give 
the normally oriented chlorohydrin IV. 

Rearrangement of | to II is the less favored path for 4- and 6-membered rings 
because of the tendency to pass from trigonal to tetrahedral carbons in those rings,™ 


but is satisfactory 5- and 7-membered rings.” The formation of large amounts 
of Il] even from 5- a1 nembered rings, when acyclic olefins give corresponding 
products only in small amounts, indicates that this explanation is incomplete and 
suggests an importa! ing structure itself in directing orientation 
proportions of aldehyde and brom« hvydrin obtained in the treatment of 
hvlenecycloalkane oxides with HB: able 3) give further support to the 
stabilities in ediate ining ring trigonal carbon 


atoms are nery infl enced oO! iZe The olefin oxide reacts 


acid to give a carbonium ion intermediate (V) which combines with bromide 


OH Br 


(CH,),C—CH,OH 


VI 


HOH 


(CH,),.CH—-CHO 


Vil 


V may also rearrange by hydride migration to give cycloalkanecarboxaldehyde (VII). 
Under the conditions used in these experiments (excess conc HBr), bromohydrin 
formation is the faster process and aldehyde formation becomes appreciable only 
when the intermediate V is sufficiently unreactive (long-lived) to allow the slower 
hydride migration to compete. intermediate carbonium ion derived from 
methylenecyclohexane is the most reactive and very little aldehyde appears in the 


product mixture Ihe intermediates from methylenecyclopentane and methylene- 


cycloheptane however are longer-lived, hydride shift can compete better, and aldehyde 


constitutes about 1/3 of the product obtained Only relatively small changes in 
energy are required to effect these product proportion changes. Out data for methylene- 
cyclobutane oxide are insufficiently complete to permit evaluation in that case. 

In the HOBr additions however, ring size does not seem to play any role in 
determining orientation. Only a single bromohydrin was obtained from each 
methylenecycloalkane. The orientation was opposite to that obtained with the 

of the protonated olcfin (pi-compicx) to a more conventional carbonium ion has been 


' catalyzed hydration; R. W. Taft, Jr., J. Amer. Chem. Soc. 74, 
Taft, Jr.. Purlec, P. Riesz and A. De Fazio, J. Amer. Chem. Soc. 77, 1584 


Recent experiments in This Laboratory suggest that the same type of rearrangement Is involved in 
halogen addition to olefins; J. G. Traynham and J. E. Landry, unpublished results. 
25 A more complete discussion of this point is found in reference 3b. 


- 
? 
> 
with 
to give bromohydrin 
\ = 
y 
ty, (CH,),,C—CH H 
4 
‘ 
§372 (1952); R. W 


Effects of ring size on the reactions of cyclic olefins 171 


acyclic analog, isobutylene. Here again is an indication that the ring structure itself 


has an importance in directing orientation. Because of the prevalence of neighboring 


group participation with bromine, in contrast to the poor participation by chlorine,” 


an additional intermediate (VIII) may be pictured for additions of HOBr (or other 


reagents involving attack by Br ~.) 


Br 


Br 


(CH,),C—CH, (CH,), C—CH,OH 


Vill 


VI 


Attack by water molecule on VIII (with Br symmetrically placed between the carbons) 
would occur far more readily at the primary carbon than at the tertiary one. Bromine 
in \ II] iS not necessal ly s I etrical y placed between thc two carbo! ; however. and 


the tertiary carbon might carry a higher proportion of positive charge than the primary 
one.*’ Attack would then occur preferentially at the tertiary carbon. | seems to 
be the case with isobutylene from which normally oriented bromohydrin (by attack 
on the tertiary carbon) is formed almost exclusively. The role of the ring structure 
may then be to bring the bromine in an intermediate such as VIII into a more 


symmetrical position or to make the partially-formed bond between bromine and the 
ring carbon more resistant to cleavage. The fact that VIII 1s spirane like may play a 
significant part in determining the subsequent fate of such intermediates 

[he addition of HOBr to someA’-" unsaturated steroids has been reported to 


> > hy «5 <p lupe » rel vel 
ly oriented bromohydrins. These polycyclic compounds are relatively 


give abnormal 


rigid systems and conformations are quite well fixed. In the cases reported, HOBr 
i 


addition follows the generalization that intermediates containing 3-membered rings 


react to open that ring with preservation of the axial bond.** The axial bond to Br 


in an intermediate similar to VIII is preserved even if that means formation of 


abnormally oriented product 


The formation of an axial bond between the ring carbon and bromine in the 


intermediate VIII may then be responsible for the exclusive formation of VI from 


methylenecyclohexane. The classification of axial bonds is less distinct in the other 


rings used here, but similar considerations may apply. To the extent that chlorine 


is able to form bridged ions*:*’ the same tendency to preserve the axial bond could 


account for some of the abnormal chlorohydrins formed. The normal cleavage of 


the tertiary carbon—oxygen bond in reaction of the epoxides with strong acid contrasts 


with the unexpected formation of the tertiary carbon-bromine bond in HOBr addition 


to the olefins. The quite different behavior of the conjugate acid of the epoxides 
and the analogous intermediate VIII may mean that the ring carbon—oxygen bond 


in the epoxides is not axial or, more probably, that considerably more bond-breaking 


has occurred in the transition state derived from the oxygen-containing intermediate 


than in that from the bromine-containing one. 


26S Winstein and E. Grunwald, J. Amer. Chem. Soc. 70, 828 (1949). 

27 An unsymmetrical bridged ion with chlorine has been used to account for the two products obtained 
from HOC! and allyl chloride; P. B. D. de la Mare and J. G. Pritchard, J. Chem. Soc. 3990 (1954). 

28... B. Barkley, M. W. Farrar, W. S. Knowles and H. Raffelson, J. Amer. Chem. Soc. 76, 5017 (1954); 
E. M. Hicks, Jr. and E. S. Wallis, J. Biol. Chem. 162, 641 (1946) 


2° —D. H. R. Barton and R. C. Cookson, Quart. Rev. X, 44 (1956) 
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Since abnormal products were not obtained from the methylenecycloalkanes with 


HBr as addend,” it appears that size (or activity”) of the attacking cation may have 
g the actual orientation with these olefins. This 


an important role in determinu Te 
role mav well be associated with the ability to form bridged ion intermediates.*! We 
are continuing studies of additions to cyclic olefins in the hope of unveiling more 


explicit information about these effects. 
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hydrolysis of (R \c Ac) provided the corresponding 3«,.17,21- 
and pec on periodate cleava both 
afforded the diosphenol \ turn oxid e by potassiu permanganate to the 
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anticipated.’ This product, VIII and/or IX (R Ac: R H), was converted to 
its diacetate derivati Vill and/or IX (R R Ac) with acetic anhydride in 


pyridine rhe latter appeared to be an isomeric mixture inasmuch as it could not be 
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separated by chromatography into sharp melting fractions. Reduction of the latter 


nonia according to the Glaxo procedure® produced the 


with calcium in iquid an 
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Ireatment of both p-homo isomers II and III with hot 10 
potassit hydroxide ¢ a unique transfer of the hydroxy 
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established Oxidation, camplk of its acetate derivative with potassium 
peri anganate aflordes yl ketonic acid (X1) identical by infrared cor parison 
with a sample prepared from t |6-methyl- A’®-20-ketone (XI11)‘ by similar oxidation. 
oe rhe methyl ketonic acid (XI) could be oxidized further with sodium hypoiodite to 
the etiobilianic acid (X). By another approach 3«,17-dihydroxy- 
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Aid with periodate yielded the diosp ol (1V) 
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alkaline ring contraction of the D-ring diosphenols possess the 17-iso configuration of 
the carboxyl functions. Recently Georgian and Kundu," working in another series 
reached the same conclusions with regard to the directional course of the ring 
contraction process. 

Structure proof for the acid (XX) derived from the methyl diosphenol (IV) as 
well as additional structural confirmation for the latter itself was provided in the 
following manner: The acid in the form of its methyl ester was reduced with lithium 
aluminum hydride followed by cleavage with periodate to 3a,11/-dihydroxy-16/- 
methyl-5/-androstane-17-one. Acetylation of the latter at C, followed by oxidation 
with chromic acid at C,, provided the 11,17-dione (XXI). The latter was identical 
with a sample prepared by hydrogenation of 3«-acetoxy-16-methylene-5/-androstane- 
11,17-dione (XXIV). The latter was prepared in turn according to the method 
of Julian et al. via the Mannich reaction on 32-acetoxy-5/-androstane-11, 
17-dione 1 ield XXIII; #-elimination of dimethylamine from the Mannich base 
afforded the methylene ketone (XXIV). The foregoing transformations establish 

a 16-methyl group in the diosphenol as well a acid. Further, 
assumins e hydrogenation to obey reneraliz le-of-the-rear it follows that 
the configuration of the n 


also CUll by the 


ital ( 
20-dione (XXII)° by reduction and 


XXIV 


The unidirectional character and consequently the stereoselective nature of the 


benzilic acid contraction of the diosphenols follows logically from the fact that in 
alkaline solution they are largely, if not entirely, present as the C,,-oxygen anions. 
Consequently the C,,a-carbonyl offers the better acceptor site for hydroxide ion. 
With addition of hydroxide ion at C,7, the enolization potential of the diosphenol 
11 VY. Georgian and N. Kundu, Chem. & Ind. 1322 (1958). 


1 P. L. Julian, E. W. Meyer and H. C. Pruity, J. Amer he) x. 70, 3872 (1948); F. Newmann 
O. Mancer Rosenkranz and F. Sondheimer, /hid. 77, 5 
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disappears and the stereochemical fate of the acid resulting from ring contraction 


1S consequently dec ided 


state indicated by XX Vb 


This may best be visualized from the charge distribution 


XXVb 


nterconversion of the adduct (XX Va) with a C,.-adduct 


The possibility of an interc 
(X XVII). via a form such as XX VI for example, appears excluded by the unidirectional 
If the interconversion of XXVa with XXVII had been 


course ol rearran: 
acids would have resulted. In actuality 


significant, a mixture isomeric 
the product was exclusively the 17-iso form insofar as could be determined.™ It is 


0 
XVIII XXVIl 


also noteworthy that in the collapse of the diosphenol enolate, consequent to OH- 


addition at C,-,, the methyl substituent at C,, assumes the more stable equatorial 


configuration as was to be anticipated. The latter consequence has been established 


by the structure clarification leading to the 16/-methyl ketone (XX1). 


13 The carbonyl groups in a cyclohexane 1, 2-dione face essentially in the same direction with corresponding 
urges. Enolization relieves both the steric instability as well as the adjacent 


pore chars 


repulsion of 


charge repulsion. G. Baddeley, Ann. Rep. Chem. Soc. LAL, 131 (1956) 


™ This observation was also made by Georgian and Kundu.** 
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In the synthesis of the methyl diosphenol (IV) by hydroxymethylation of the 
ketol (IX) with alkaline formaldehyde (IX — IV), unless careful control of the 
formaldehyde concentration is maintained a high melting lactone results; the same 


lactone is also formed from the methyl diosphenol itself on treatment with alkaline 


formaldehyde and the latter sequently represents an intermediate in this trans- 
formation. A related lactone arises similarly from the unsubstituted diosphenol (V) 


Lal 14 


with alkaline formaldehvd h of these lactones are formed in consequence to 


hydroxymethylation of the respectiy liospl foll 1 by benzilic acid ring 


contraction. It is reasonable to assume not only that hydroxymethylation proceeds 


according to the generalized rule-of-the-rear but also that the subsequent benzilic 


acid contraction occurs internally, thereby predetermining the geometry of the 
products as being stereochemically the same as that of their 17-isoetianic acid counter- 


parts. 
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p-Homoannulation of 32,21-diacetoxy-17%-hydroxy pregnane-| 1,20-dione 


(1) With aluminum alkoxide. A solution of 27-5 g (1) in 300 cc dioxane and 950 cc toluene was 


treated with 180 cc cyclohexanone The mixture ‘ distilled until 100 cc distillate had been 


collected; 6¢ ah u opoxide was added and the reaction mixture refluxed for 2-5 hr ina 
tion mixture was allowed to stand overnight. Water was added and 


cess being repeated several times until a gum was 

conc. HCI in ; qua | wate | the organic 
acetate extract wi asl sively with dil 
vashed ethyl 


Separation of 


sodium 


ibove 


acid (X%) 
published procedure* 
usual manner and 
aflorded the ctiobiliar ‘ : d indepressed on mixed m.p. with an authentic sample 


Meltir point c 1 ’ hot-stage appara and are corrected spectra were 


determined orotorm 


180 
aa e solvents were evaporated i vacuo, the | = 
laterial extracted with ethyl! acetate The et 
,otassium bi OF 
| ca ate s vater and sat 
ee acetate layer was dried and concentrated in va 
cel acuo to an which part 
acetoxymethyl-5{-D-hor 11.17 ed 8 g pure 
Found: C. H. ( Ac) m.p 172-174’, [x] 
for C,,H,,0,: C, 66°94; H, 8-09") 
alumina al — iphe m 00g acid washed 
H..O ( 66-04 H. 8-09 
Il and (R Ac) 
As f448ell(R =A 
‘ 8; H, 8-54. ¢ C,,.H..O.: C. 692 
05: C, 69:23; H, 8°79) 
odium 
— f 10°, KOH nd th 
ind the 
ification af the potassium bearbona | 
249-3 
Calc. for C, 72-29; H, 8°43 
AX nt 14 > Gea UK etate 
metaperiodgate in 5 cc wal Og th is cleaved with 176 mg 
c sp cno \ dentic il with mate il ahtained 
al obtained from 11 
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3a-17-Dihydroxy 5f-p-homoandrostane-11, 17a-dione or 3x, 17a-dihydroxy 


5 /-p-homoandrostane-11, 17-dione (VU or TX) 
3a-acetoxy 5$-p-homoandrostane-11, 17a-dione*® in 3 hloroform was 


10 cc chloroform. A drop of 15 hydrogen bromide in acetic acid 


bromination product wi ived in § tetrahydrofuran and 


refluxed for 1 hr with ition of the 


reaction mixture caused dep stallized 


from acetone—€ 


(Found 


to torn 


(B) S 


identical 


D- Homoannulat 
4 solution of 900 meg XIII 


and 200 mg aluminum isopropo 


181 
44 
i 
a. 
4 
her, p 224-250 , wt. 800 meg 
C, 71-99; H, 8-85. Calc. for C, 71-85; H, 898%) 
Oxidation of the ketol VAI or LX to the diosphenol (VN 
lie 
” 4 solution of 50 mg of the ket (VIIL or IX) +c ethan Vas treatec 5 mg coppel! 
; acetate monohydrate ar efluxed f l Sey n of cuprous cle s evident after several 
min. The reaction mixture v rked up bt {0-5 cc water followed by refluxing for 0-5 hi ; 
vi OS ol diace V.R Ac) pre cleavage of II 11 (R H) above 
was ZU i4 The ST in 
wo 
; 
(A) A so n of 3°65 (R \ n 150 cc va eater 
hr. A 1 of this p HCI diluted 
cetate ct on 00 me 
of XX iried anc 
; | nd: 2-80: H ) ¢ ( His 
KCLOHIC time. AC 
Acet iV (R H cet IV, 
Four C. 69-93: H 6. for C,.H,,O H } 
i) itior ff ” j ) IV. R \ 6-77 \ 
preenene-11, 20-dio XI ” 
* (A) As on of 500 mg IV (R \ 0 , n | 
and cid ‘ ‘ iti ind re 
ext ed p mor {XI entica 
intl ed sp ed XII ( P Bb icid 
Pave a Coll ate d lal ( Pol lite SOL on 
2% F : 
oxida of the A'*-pregr wive XI ga ume phous acid XI 
by infrared spec comparison w a e obtained from IV (R Ac) 
acetoxy-| hydroxy 16p-methyl p ane 11,20-dione (X11) 
ae in 10 cc dioxane and 30 cc toluene was treated with 6 cc cyclohexanone 
j 
* 
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lescribed for the preparation of II and III (see above). The p-homo 


worked up in the same manner desc 
ed directly from acetone-cther to give a first crop of 500 mg 


compound (XIV, R Ac) crysta 


m.p 


ag (Found: C. 67-22: H. 8-10. Calc. for C,,H,,O,: C, 67-53: H, 844%) 
AS 
Conversion of D-homo compound XIV to methyl d phenol AV) 
i A x on of 400 XIV (R Ac) Scc methar was hydrolyzed to XIV (R H) with a 
194 nota f The ction product was isolated by 
ot The re e (200 ) obtained on 
10 nd ed 119mg sodium 
icke cme Il and 
" 
(see above Ace ‘ IV. R Ac) 
IV(R 4 nt 
f the 8-220°). 7 ctra of the two samples were 
\ V(R 0 cated with 3g 
hyl 
NIX 
83: H, 8-27. for C,,.H,,O,: C, ¢ H, 
ALA On H) diss« n 25 nol containing 
C. 68-98: H. 875. Calc. for C,,H,0,: C, 69-23; H, 8 79"%,) 
45 
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(B) A solution of 1°58 g of the ketol II (R Ac) in 50 cc methanol containing 12 g potassium 
hydroxide in 12 cc water was refluxed in a nitrogen atmosphere for 15 hr. The work-up of the 
product afforded 400 mg methy! diosphenol IV (R H) and the bicarbonate soluble fraction afforded 
1-05 g crystalline acid XX 


Conversion of 32,17/)-dihydroxy-11-keto-16$-methyl-17-isoetianic acid XX to 3x-acetoxy- 
(XXII) 


A 200 me sample of XX was esterified 


acetviation al ite was 
reduced > product 


in 2 iients of sodi oO lihydroxy-16)- 


7-one (XXla) The latter was yStallized m acetone—cether, m Pp 


pyridine and 


is treated 


fl for 


avion 
Acetylation at 2 
17-dione (XX1) prismatic 
(Found: (¢ 


6 It is noteworthy that under the ab duction conditior suffice ple u the 11-keto 
group in th na series, the 11 to grou l ethyl-preg series remains essentially 
unchanged n vy mg of crude Lp ire l¢ et indrostane-17-one XXla were 
obtained by extraction of the aqueous mother 


j 
cleave etha 
186—1 88 
(Found: C, 75:3; H, 10-1. Calc. for C,,H.O,: C, 75-0; H, 100°.) 
; A sample of the abo 17-ketone (XXlIa) i rcely ted th acetic nhydride nD : 
—— 17-dione (XXI) as p m.p. 202-205". T! terial was identical by mixed m.p. and 
-. oa infrared comparison with a sample of XXI prepared by methylation of 32-acetoxy-5/-androstane- 
3a-Acetoxy 16-methylene 5/)-a stane-11,1 me (XXIV) 
with 1:5 ¢ parafo 161 chloride and heated 
2 hr Aft i treat 10 cc 1:9 conc 
H¢ wale ex ‘ The a \ cate itu carbonate 
— distilled and the residue te ition was cry | from acetone-ether to give XXIV, 
m.p. 234-239 228 n I 5.5800 
(Found: C, 73:36; H, 838. Calc. for C,.H,,0O,: 74; H, 841%) 
Hudrarenation of 3a-acet 6-1 ne-5 sta (XXIV to 
4 100n mple of XXIV cx p Ld cOal was hydro- 
evaporated and cryst f ct ( 202-205 \ ed p. of XXI obtained by 
; . the ove route i i i iro legrad n of the acid 
‘im # 4 XX and t e keto! XXII (see b Ww) The inf ed sp ese sampies ere identical 
Reductive cleavage of 3x,| 11, 20 ne (XXII to XXI) 
To a stirred on of 2-00 f the e 60 of nv idded 1-00 
sodium boro 10 ed { $0 | n ind the 
(1-97 174.90 ” Inregr 1] ) 60 methanol was added 
2-00 ¢ sodium metaperik 25 ng and After 18 hr at 25 the 
prec pitated odium iox Ove nd ned icetate. Water was added 
a 2 to the filtrate whicl n concentrated on t ter pump until the organic solvents were removed t 
bagel and the product had p ed. The crys' product, 3a-hydroxy-16/-methyl-5-androstane-11, 
es 17-dione*™* was washed er and ed in air; 1:32 ¢ m.p. 235-245 raised to 242-250° on 
cetor 2°86, 2-89 OH) 5-78 (17 C=O) 5-8¢ (11 C=O) 
n acetic anhydride-pyridine gave 
73-3 5 ; 
H, 8-82. Calc. for C,.H,,0,: C, 73-30; H, 8-95 °%). 
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Abstract 


also fron 
comparison wit 
Dehydrogenatior 
treatment IVb gave 
the reduced produc 
which on oxidation 
previously obtained.” The structure of 


benzylpiperidine are con! rmed 


The formylderivative of II did not give 


but the carbethoxyformy! derivative (XIII) of IT yieldec 
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A 
l \ ne d € 
THE ne thesis of en il lve ‘ ition of acyl derivatives 
of 5-phe ent-4-enyli under the u yns of B Napieralski 
Vv) 1 hmitted ta the modified 
ig 
metnoce! Or Ul ifel i\ +,4-CIDC it-i-ene 
(VII) in Vv ( up was revealed Dy | R nectra. On 
oxidation VII ivea Ol acids was CO 1 into anilide and separated 
chro cally ind oO! pure d i de (VIII) was obtained in- 
licat point of f UI id is tsolated from tl] 
second ¢ ot th la if) Lad a \ ,p-aiben 
IX (m.p 27°) was prepared fron dil ‘viprop acid synthesized by 
the Arndt—Eistert OK Vl was sized +, yenzylbutyramide (X) 
which wa recuced D \IH, t +. \ ] { ated DY 
the Eschweiler method to ld VI identical with 1 base obtained pre isly. All 
evidence indicates tne rin a I CYC a base Che 
of the double bond Wa deduc d irom an I pl Investigation,’ and 
f the mi the U.V. spectrum of [Va by 
i 
d and on similai 
ot identified. 2-Methyl-3-benzylpiperidine, 
droge ed to 2-methyl-3-benzylpyridine, 
n acid 1d cal with the same product : 
no if red 7, | ne hy 2 
[Vb and its reduced product 2-methyl-3- 
ve 3-benzal-3,4,5,6-tetrahydropyridine (XII) 
14 
vicidied 
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CH, CH, 
Ph—-CH=CH CH,-+Ph—CH—CH CH, 


CH, R—OC CH, 


HN 
(Illa, b) 
R COOEt) 


a series R Ph 
b series R CH 
b) 


Ph__CH, 
(XU; R H) 


(XIV; R COOETt) CH—CH, -CH==CH, 


CH—(CH.,) CONHPh 


Ph 
(Vill: n 0; 


XPERIMENTAI 


i mixture 
dissolved 

1 temp 

A colourless oil b.p 
tives were | ired. 


inol, (Found C, 66°9: 
(Found C, 52-1; H, 


ve vield from 
llized from 
.H,,ON 


le (Allb) 


vielding 
ire of benzene and 


H,-ON requires: C, 76°8; 


80°) (Found C, 7 


11 (0-8 2) was heated with ethyl formate (0-5 g). The product 


p. 45-80") in colourless scales m.p. 59-5 
H,,ON requires: C, 76°15 , 8-0; N, 7-4 

t-4-en) j honviforn 

(50 ml). KHCO, (8 ¢) and wate 


amide (XD. To a mixture of II (2°85 g), ether 
‘ (20 ml) was added ethoxycarbonylformy! chloride (3 g) dropwise 
at O° with stirring. After stirring for 1 hr the product (4 27 g, 92 t 


- 
m.p. 62-64° from n-hexane, (Found: C, 68-9; H, 7:4; 


3; N, 5-4%) 


llized in colourless needles 


H,,O,N requires: C, 68-9; H, 


2-Phenyl-3-benzal-3,4,5,6-tetrahydropyridine (1Va). A mixture of Illa (9-0 g), phosphory! chloride 


(37 ml) and benzene (54 ml) was refluxed for about 4 hr. On working up the reaction product 1Va 
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7 
A 
H 
CH—(CH.,),—-N Ph—CH, 
CH 
(VI) (Vil) 
CH—(CH.,),—CR—-NH 
IX: n 1) (X: R O; Xi: R H.,) gece 
$-Phenylpent-4-en 1). Crude 5-peny!pent-4-enoy! cl le was added dropwise to excess 
needles from benzene m.p. 133-134, (Found: ¢ H 6: N, 8-0. C,,H,,ON requires: C, 
75-4: H, 7:5; N, 80°) 
§-Phenylpent-4-enylan (11). Lithium alumin dride (17-5 g) was susy 
a of anhydrous ether (100 ml) and dioxan (130 ml) and s mixture a solutio 
in dioxan (350 ) was adadc vith stirring at 10 Atte gait ils ng : 
tne ixture W ited a 1 the | KCC us 
lll (3 ed (2Y9°4 hig } crvs e det 
H ydrochlort ( less rhombs m.p. 180° (decomp) from ether-etl 
| H, 8-2: N, 7-0. C,,H,,NCI requires: C, 66°8; H, 8 N, 7°1%) 
- Picrate. Yellow needles m.p. 157-158" from ethanol-diisopropylether, 
4-8; N, 146. C,,;H,,O;N sires: C, 52:3; H, 4-65; N, 14-35%) 
N-(5-Phen) )-henzamide (lla). This was obtained in almost quantitati 
Il by benzoylat separated in colourless feathers m.p. 63-64 when c 
| 7 5 
a=, a a mixture of benzene and ligroin (b.p. 80-120), (1 d C, 81-6; H, 7-1:, N, 54 
requires: C. 81-5: H, 7:2: N, 53%) U.V. 252, 283, 293 my, (log 4-42, 2-3 
was acetylated with acetic anh 
almost quantitatively as m.p. 65-66 crystallizing from a 
petroleum ether, (b.p. 45 H, 8-45; N, 7-0. 
H. &-4 N, 6°9 ) 
‘ 
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was obtained (6°52 g, 77-5°,) and crystallized from petroleum ether (b.p. 45-80"), colourless rhombs, 
m.p. 70-71". (Found: C, 5; H, 6:7; N, 5-9. C,sH,;N requires: C, 87-4; H, 6-9; N, 5-7%). 
U.V. 286 my (log 4-33). 

The picrate formed yellow rhombs from ethanol m.p. 183-184°, (Found: C, 60-6; H, 4:25; 
N, 11-7. CygHgoO;N, requires: C, 60-5; H, 4:2; N, 11°8%). 

The methiodide separated in yellow needles m.p. 193-194" from a mixture of ether and methanol. 
(Found: C, 58-7; H, 5-3; N, 3-5. CisHgoNI requires: C, 58-6, H, 5-2; N, 3-6%). 

2-Methyl-3-benzal-3,4,5,6-tetrahydropyridine (1Vb). A mixture of IIIb (2 g), phosphoryl! chloride 
(9 ml) and benzene (12 ml) gave after being refluxed for 1-5 hr a yellowish red oily base (1-81 g). 
The crude base was dissolved in benzene and purified through an alumina column. The pale yellow 
oil (IVb, 1-3 g, 71:2°%,) was characterized as the picrate, which formed yellow plates m.p. 187-188 
from methanol, (Found: C, 55:1; H, 44; N, 13-5. C,9H,,O;N, requires: C, 55-45; H, 4-4; N, 
13-9°,). 

2-Ethoxycarbonyl-3-benzal-3,4,5,6-tetrahydropyridine (X\1V). A mixture of XIII (0°62 g), phos- 
phory! chloride (2-7 cc) and benzene (2-7 cc) was refluxed for 30 min to give XIV (0-21 g, 36%). The 
picrate formed yellow needles mm ethanol, (Found: C, 53:2; H, 4:3; N, 12-0. 
C,,HepO,N, requires: C, 53-4 , 4:3; N, 11-9). The methiodide crystallized in yellow needles 
m.p. 126° (decomp) from methanol-ether, (Found: C, 49-6; H, 5-0; N, 3:5. CjsHyoO,NI requires: 
C, 49-9; H, 5-2; N, 3-6) 

2-Phenyl-3-benzyl-1-methylpiperia (V). The methiodide (4 g) of IV was converted into the 


m 152-153° f 


corresponding chloride and was reduced over Adams Pt-catalyst in ethanol. (ca. 2 molar equivalents 
of H, being absorbe The product (V) was a colourless oily base b.p. 145-146" (2 mm) (2°32 g, 
85-2°%). U.V. 259 my (log 2:73). The picrate formed Ww iI lles m.p. 190-191° from 
ethanol, (Found: C, 61-0; H, 5:5: N, 11°45 , requ ‘ 7 , 5:3; N, 11-3). 
N.N-Dimet/ 4. l-n-but\ ine (VI) 
(i) A mixture of V ( g), meth odide 11) and methanol (6 ml) was refluxed to form the 


} 


methiodide of V whic as dire y COI l » methochloride. The latter was dissolved in aq. 
NaOH (70 ml, 20°%,) to which powde nickel alloy g) was added gradually with stirring. 
After addition of | t f 
dried and th 
93 Xx (Found ( 
picrate, yellow plates m.p. 101-102 
requires: C, 61:2 , 5-9; N, 11-0 
ether m.p 
H, 7-1: N, 
(ii) Dibenzy 


H,,ON 


4.4-Dibenz) {viamine he al in ethe 2 ind dioxan (20 ml) was added 


dropwise to LiAIH, ( 5 ¢) in eth I 1 the mixture refluxed yh vorking up, the 


product distilled at 178-180" (3 mi lourl] 1 (0-32 ¢ he picrat llow plates 


m.p. 135-136° crystallized from ethanol and dusopropylethe: (Found C, 5' N, 11-9. 
pre} 
C.,HO;N, requires : - H, 5-4: N, 11-6°). The amine XI (0-25 g) dissolved in formic acid 


“a 
ag 
= 
fie : 
pale yeliow needies Irom n-nexane n p (34 (Found 5: Hy, ti ON, 
requires: C, 77:25: H, 6°1°.). The diazoketone (1-4 g) 15 ml) and a small amount of 
- silver oxide was warmed at 55° until ¢ ition of gas had ceased (15 min). Active charcoal powder ; 
was added and the Kture W hitered and the § ren ed i resiauc yi 
dibenzylpropionate, whict LS drolysed vielding 3-dlibe acid, colourless prisms 
m.p. 84-85-5° from petroleum ether, (Found C, 80-5; H, 6°95. C,;H,,O, requires: C, 80-3; H, . 
71%) 
; 4,4-Dibenzylbutyramide (X). 3,3-Dibenzylproy yl chloride (b.p. 162°, 0-12 mm) (0-91 g) was 
: treated with diazomethane (fron { someu ire 1-8 g) C de dla Ketone was added to 
a mixtu dion Smi)andc al it Ba trate (. 10°) 
ided dronw The fy ren t 70 14 was diss 
was | ne ey on oO! cease ‘ ue Was vec 
in benzene, washed and d 1 and the solvent evap d. The l s diss ed in benzene 
and purified through an alu column, and cryst ed fror mixture of n-hexane and benzene 
in colourless needles m.p. 88-89" (0°69 g, 65%), (Found: C, 81-1; H, 8-0: N, 53. 
require C, 80 H ): N 7 
i 
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ildehyde solution (0-3 mil, 35 


) was heated at 100° for 2 
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from 


ind freshly 
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g, 16°6",) 
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(0-3 85°.) and aqueous form: 
4 ase (V1) was obtained as ul (0-215 g, 5 7 
needles m.p. 101-103" from ethanol, and the 
oe methanol-ether we found to be identic th those from V described pre 7 
Aa For exhaustive methylation, t ne lide (2-05 g¢) was triturated with methanol and Hi a 
ch was 4.4 her hy e (Vil » 14 <9 6). Cc) 
a 1642 « 06 9017? CH-CH | basic frac was VI identified as tl iodid a 
\ fp 34 35 ml) was added dropwis solution 
Vil 174 Thx t(O-1l ) could ed and 
a { j i imn 
H, 6-8; N, 4:5. Cy.H,, ON re C, 83:8; H 
N, 4-4). A f could be 
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edge the p e reactions ecules is sum- 
marized in terms ) re ns s of the react ind the 
INTRODUCTION 
Cn irs considerable attention has been given to a newly reco l ed type ; 
on, na Cl vas-p! ase I ‘ ) between 10ns and iCCUICS Al- 
i oe 7 | has been recognized for a long time that such reactions were possibly of 
a) EEE importance in many gas-phas cesses such as radiation chemistry, 
ek o flame te littl det led knowledo the reactions 
: ; ; The existence of such reactions also was recognized theoretically many years ago, as 
; evidenced by the calculations on the rate of formation of H in ionized hydrogen, 
‘ ‘ > +} +1 
by Evring et al However. it Was not until about 1952 that papers direc ly coi”! Z 
: nental study of thes condary reactions beg to appear in the 
: nass spectrometric investigations are of considerable general interest 
! ise they afford the opportunity of obtaining information not only 
meg has long bee lable in the — 
phases has ong Deen avaliadle in the Iramework 
F. H. Field and J. L. Frank In Phi el tie Ga 
Press, New York (1957) 
ee H. D. Smyth, Rev. Mod. Phys. 3, 347 (1931) 
ae. ee H. Eyring, J. O. Hirschfelder and H. S. Taylor, J. Chem. Phys. 4, 479 (1936) 
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carbonium ion theory of organic chemical reactions. In this paper, however, we shall 
be concerned primarily with reactions that have been directly observed and shall 
mention sources of indirect evidence only in passing. As a further restriction in 
subject matter, we discuss only those reactions in which the ion kinetic energy ts 
below about 5 eV This excludes many studies of charge exchange, dissociative 
charge exchange. and collision-induced ion dissociations, which in a strict sense, 


are also ion-molecule reactions 


In the usual ionization chamber of a mass spectrometer ions, formed by electron 


impact, are impelled out by a small applied electric field. Under 


con\ n the ionization chamber is so low 

nitv to collide with a molecule 

during its brief re n ime (1 to 10°" se n the chamber. Thus under these 
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ionic reactant is usually established by measurement of the ionizing electron energy 
at which the secondary ion first appears in the spectrum (appearance potential). The 
primary ion whose appearance potential most closely corresponds to that of the 
secondary ion is considered to be the ionic reactant,*:’ provided that the reaction then 
visualized is not endothermic by more than one or two kcal/mole. This requirement of 
endothermicity is easily seen; in general, secondary ion abundances are quite small 


and, if we assume any reasonable collision cross-section, an exponential term involving 


significant activation energy probability of 


on. For further 


occurrence of a reactive colli 


details of reaction identification 
\ quantitative interpretauiol | re ts. 1n tel ( ne il kinetic quantities 


(specific reaction rate or reaction cross-sections), reqt a kn lige of the gas 


concentration in the ionization chamber is Quantity 1s usually determined as a 


function of the more easily measured mas nectromet rvoir pressure of the 


gas.48 In this method the ionization cross-secti ( he gas under investigation is 
determined by comparison of the xroduced in it to that 


total positive ion ent 


| 
ler identical conditions 


produced in a gas of known total ionization cros tion unc 
and in the limit of zero pressure. With the total ionization cross-section of a gas 
known, measurement of the total ionization produced in it permits calculation of the 


jonization chamber concentration as a function of the manometrically measured 
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where the /’s are the observed ion-currents. A, is easily evaluated from (6) by the 


additional relationship 


nother often-used way of expressing the rate 1 reaction cross- 


section is easily shown that the quantity 42. defi is equal to the product 
ectic , ind the distanc« hat the primary ions travel 


Cross- 


from pass out 


between a mole 1 is adequately an inverse fourth powel 


attractive potential. For this type of interaction th on cross-section Is inversely 
proportional to the square root of the initial tic energy of the collision part- 
i 


ners 


12 Strictly speaking, the initial kinetic energy will be an additive function of 
the thermal energies of both ion and molecule and the kinetic energy due to the 
acceleration of the ion by the electric field. However, at the field strengths generally 
employed in ion-molecule reaction studies, the thermal energy contribution is neg- 
ligibly small and the collision cross-section should vary inversely with the square root 
of the electric field strength. That ts, 


(12) 
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Comparison of (11) and (12) indicates that if the efficiency or probability factor of 
the reaction, /, is independent of reactant energy, the rate constant, k,, is independent 


of electric field strength 


B. Results 


Equations (6) and (9) indicate that if one plots the observed ion-current ratio 
| 


versus the gas concentration a straight | having a slope equal to 


is obtained. Such plots for the reactions 
(RI) 
(R2) 


are shown i ; mentioned earlier the curvature in the plot for the C,H,* is 
a result of differential scattering* and f no consequence in this discussion: in cases 
where differential scattering occurs the init ope is used to determine rate quantities. 


For reactant 10 vhi produce only o1 roduct ion. such as in (R1) and (R2), 


d). Otherwise (7) must 


A Ss Ul 


be used to evalu: } lo express the results in terms of specific reaction rate 
(11) is used 

For a certain class of reactions (usually reactions involving H, or H,*) that obeys 
(12) specific reaction ri al letermined at constant concentration by study of 
the variation of ion it rati ith elect field streneth.™ Generally, however, 
(12) is not obeyed" with th hat A, is a function of electric field 
strength, decreasing th increasing field semi-empirical attempt to rationalize 


the effect of electric field for those cases in which (12 


) is not obeyed has been made,* 
primarily to obtain an extrapolation function however. no really satisfactory 
explanatior been advanced 
inetic question concerns the nature of the transition state 
a charged system of two molecular species, each of 
which retains its identity, held together by polarization forces, for example in the case 
of (R1) by 
H,) 


or is it better represented by a charged molecular system in which intimate mixing 
has occurred, that is, by (C,H,)"? 

Experiments with deuterated compounds suggest that both types of transition 
state ion exist. For the system CH,—CD,, Wagner et al." have measured the relative 
abundances of CD,*, CD,H*, CH,D,*, and CH,* and have shown quite conclusively 
that no intimate mixing of hydrogen and deuterium occurs Thus for this system the 
transition state ion is better represented by the first type of complex, that of individual 
molecular species physically bound together. 
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On the other hand, for systems in which the stoichiometry of the transition state 
corresponds to a stable ionic structure and in which much more atomic rearrangement 
occurs on reaction, the intimately mixed complex seems to be the appropriate model. 


The evidence for this is twofold: firstly, the agreement of the 
spectra” due to the reactions 


‘secondary mass 


C,H, C,H, —[C,H,]* — fragmentation (R3) 
C,H, C,H, —»[C,H,]* — fragmentation (R4) 
C,H, C,H, — [C,H,]* — fragmentation (R5) 


with the primary mass spectra of C,H,, CyH,, and C,H, compounds is evidence of a 


chemically bound intermediate structure; secondly, the relative abundances of the 


deuterated C,H,* ionic products in the reaction’* 


C,H,*D 


C,H,D, 


> C.H.D, 


> C,HD,* + H, 


are a:b:c:d } Completely equivalent hydrogen atoms in the 
complex would lead to | : ( |. Thus in (R6) also it appears as if intimate mixing 
does occur and that the transition-state-ion is better represented by a chemically 
bound charged entity 

In the following sections of this paper we have tabulated the 1on-molecule reactions 
observed to date. The reaction cross-sections reported are, in general, those obtained 


in our laboratory at a ficld strength of 10 V/cm. In the case of values reported by 
14 


other workers we have tabulated the cross-sections as reported for those reactions 


not obeving (12) and have converted the reported rate constants for those reactions 
im 


obeving | ) to reaction cross-sections at 10 V/cm by means of equation (11) In 


comparing rate constants and cross-sections of ion-molecule reactions and in utilizing 
them in interpretations ol similar reactions carried out in more conventional reaction 
vessels, it should be kept in mind that the reported values, in general, refer to an 


electric field strength and may be dependent upon field stre 
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postulated as intern ediates in organic chemistry 1 Table 1 we present the reactions 
known to date. along with the type of transfer involved, * reaction cross-section 
reported, and the observers. In cases in which more than one reaction cross-section 
14D. O. Schissler and D. P. Stevenson, J. Chem. Phys. 24, 926 (1956) 
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have been reported, we tabulate all available values. For cases in which reactants 
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7] intensity to the sum of the intensities of the mass 71 and mass 41 ions against the 


neopentane pressure. The rise of this ratio shows without doubt that C;H,,* is a 


secondary ion. The appearance potential of the C.H,,* ion is identical to the appear- 
ance potential of the C,H,* primary ion from neopentane™ and it may be concluded 
that C,H,* is a reactant ion. Any reaction between C,H,* ion and neopentane to 


form the C;H,,* ion that does not involve the formation of propylene would be 


strongly endothermic and hence not observable by mass spectrometric technique. 


Therefore, the reaction occurring must be 


C,H,* + neoC,H,, —> C,H,,* + C.He (R7) 


which ts obviously a hydride ion transfer reaction. 
Although appearance potential measurements establish C,H,* as a reactant ion 


they do not rule out the possibility that other ions of higher appearance potentials 


may also be reactant ions. In view of its simple nature it seems likely that the reaction 


will occur with all ions having an unoccupied valence orbital, provided that it is not 


energetically prohibited. In this respect it is of interest to point out that appearance 


potential measurements do rule out the occurrence of the reaction 


t-C,H, neoC.H,, isoC,H C.H,, (R8) 


10 


Since the lack of occurrence of (R8) cannot be due to intensity limitations (t-C,H, 


is the major primary ion) it may be limited energetically; an endothermicity of 2 


kcal/mole would certainly preclude its observation. Taking the most reliable value 
of AH, (t-C,H,*) to be 178 kcal/mole** would then lead to AHAC;H,,*) 168 


kcal/mole 


Secondary ions of mass one unit less than the parent molecule also have been 


observed in ethane, propane, n-butane, isobutane, and neohexane. However, for 


these compounds no experimental information concerning the details of the reactions 


is available because of the presence of appreciable quantities of primary ions having 


masses one unit less than the parent molecule. The identities of the neutral reactant 


and product ion are known, though, and coupled with energetic considerations 


permit the assignment of some limits upon the possible ionic reactants and neutral 


products. In Table 2” we show the possible hydride ion transfer reactions that 


account for the observations. The list of possible ionic reactants was arrived at by 


having abundances of 10 


assuming that only exothermic reactions of primary ions 


per cent or greater need be considered. It should be recognized that in some instahces 


sufficient energy will be available for further decomposition of the neutral product. 


Studies of hydride ion transfer reactions have also been made with the same pure 


compounds admixed with methane. Since the only ions from methane which can 


undergo the reaction are the CH,* and CH,* ions, there is less uncertainty concerning 


the reactions involved in removing a hydride ion from the parent molecule. These 


systems are also listed in Table 2 and a typical plot for the i-C,H,,—CH, mixtures is 


shown in Fig. 3. 


Values of reaction cross-section listed in Table 2 were obtained by assuming the 


reactant ions to be those primary ions of more than 10 per cent relative intensity 


“FF. P. I ossing, P. Kebarle and J. B. Desousa Paper presenicd al the Institute of Petroleum Hydrocarbon 
Research Group and A.S.T.M. Committee E-14 Joint Conference on Mass Spectrometry, London, 
September (1958) 
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In a sense the reactions observed by Meisels et a/..7°™ viz. 


\ CH, -—» CH, H \ (R9) 
Ki CH, -» CH, H Kr (R10) 
Kr C,H, + C,H H + Kr (R11) 
Xe H + Xe (R12) 


could be considered as hydride ion transfers resulting in an unstable molecule which 


immediately dissociates. However, there may be some question about (R10) since if 


it occurs without any excess energy in Kr-~ it is the first endothermic reaction observed 


(AH 7 kcal/mole). Moreover, since the parent peaks in the methane, ethane, 


I 


and propane spectra for the systems indicated in (R10)-(R12) also increase with rare 


gas pressure,” these reactions are best considered as dissociative charge transfer 


pi 


ondensation typ {10} 


Under this heading 


we group all those reactions that involve considerably more 


olecular rearrangement than the simple transfer of an atom or atomic ion. In all 
reactions of this class. observed to date, carbon-carbon or carbon-sulfur bond 
formation occurs; hence the use of the term condensation. The reactions reported 
along with their specific reaction rates are shown in Table 3 


In addition to the reactions listed in Table 3, Levy and Skahan*® have found 


secondary ions in cis-2-butene, the most prominent of which were the C;H,* and 


C.H,”* ions. As has proven to be generally true, they found no dimer ions (C,H,,*) 


but did observe 1on masses up to [05 


Many of the reactions shown in Table 3 are of an unexpected and even surprising 


Knowledge of the existence of such reactions is proving of considerable aid 


nature 


n studies because such unusual reactions would never 


in radiation chemistry mechanis 


ir mmno 


on an a prior: basis. Of course, them portance in other 


reaction 


pends upon 


Negative ion reactior 


As is true in studies of the properties of isolated ions in the gas phase and organic 


chemical reactions in condensed phases, much more is known about bimolecular 
positive ion reactions than the corresponding negative 1on reactions lo the authors’ 
knowledge there have been only two negative ion-molecule reactions observed to date 
(other than collision induced dissociations at high ion energies), namely 


H -+OH H,. (R13)" 


and 


HCOO N,—CN (HNO, ?) (R14) 


Reaction (R13) is probably most easily visualized as the transfer of a proton from the 


water to the hydride ion 


‘| E. E. Muschlitz, J. Appl. P 28, 141 
and Gus A. Ropp, J. Amer. Chem. S 80, 5573 (1958) 
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TABLE 3. CONDENSATION TYPE REACTIONS 


Reaction = Reference 


(2D H) 
(2H D) 
H 


t Viem 

=F. W amr mer m. S 79, 1055 (1957) 

W. Lamy 691 (1959) 

* R. H. Schuler hen 26, 425 (1957) 

** R. Barker, R. R. William r. and W. H. Hamill, Paper presented at Mecting of A.S.T.M. Committee 
F-14 on Mass Spectrometry, New Orleans, Louisiana, June (1958) 
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CH,* + CH, C,H,* + H, $8, 165 4, 13, 14, 20, 35 
CD CD, -- C,D D 161° 13. 14. 18 —_ 
CH* C,H H 39 1S 
CH* + C,H, C,H H 19 15 
C,H C,H, -> C,H CH 22, 24 4,14 
C,H CH $3, 112 4,13, 14 
C,H,* + C,H, C,H,* + CH, 14 
CH,* + C,H, C,H H 18 
CD,* + C,H,D* D, + D 18 
CD, C,H, —- C,H,D 18 
CD," + C,H, C;HD,* I 18 
C,H C,H, C,H H 35 15 
( C,H, - C,H H 8Y 4 
C,H C,H, + C,H H 42 15 
C,H* C,H, C\H H 4 
C,H C,H, C,H H 14 4 
j 
: C,H C,H, C,H C,H, 140 13,14 ae 
= C,H C,H, C,H C,H, 13,14 
C,H C,H, C,H C,H 
C,H, C,H, C,H C,H 
C,H, C,H, C,H C.H 39 
C,H H 
or C,H, — or 
po 
C,H H 
C,H CH 
ofl 
CH H.S CHS 2H 1 21 
CH, + H,S-- CHS* + H 2! 
CH H.S CH,S H 2! 
CH H.S CH,S* + H, + H 2! 
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The reaction cross-section for (R13) was found to be 3 » 10-!7 cm? which corre- 
sponds to a rate constant comparable to those observed in positive ion-molecule 
reaction studies. 

lon Energetics 

As mentioned earlier the observance of a secondary ion enables one to conclude, 
within an error of one or two kcal/mole, that for the reaction involved in its formation, 
AH < O. If the reaction producing the secondary ion can be established and if the 
standard heats of formation of reactants and neutral product(s) are known, upper 
limits to the heats of formation of the product ions may be calculated by the use of 
Hess’s Law of constant heat summation. That ts, 


AH (product ion) (reactants) AH,(neutral products). (13) 


Contrary to one point of view, however, this requirement that AH O isa 
necessary but is not a sufficient condition for the observation of a given reaction. 
Thus the failure to detect a given reaction does not permit one to conclude without 
qualification that the reaction is endothermic. There may be other factors involved 
which result in failure to observe a given reaction. One possibility is the occurrence 
of a more probable competitive reaction; an example of this is provided by the 
finding of Meisels et a/.*° that A* undergoes a dissociative charge transfer reaction 
with methane rather than the hydrogen atom abstraction reaction which would be 
energetically equivalent to the established formation of AH* in argon—hydrogen 
mixtures.” Another possibility and one which may account for the failure to observe 
C,H,* and C,H,* ions in ethane-hydrogen and propane—hydrogen mixtures,” respec- 


tively, is that of the very rapid further decomposition of a highly energetic product 


ion formed in a very exothermic reaction. An extreme example of this alternative is 


the complete failure so far to detect the dimer ion formed by the association of the 
reactants. Lower limits to the heats of formation of product ions, derived from the 
assumption that a given reaction 1s endothermic because it is not observed, are 
therefore to be regarded with reservation. In Table 4 we present limits to the heats 
of formation of ions, for which, for the most part, no energetic values from inde- 
pendent methods are available. For the most part the upper limits are derived from 
the reactions known to take place which we have tabulated in Tables 1 and 3. The 
AH, limits for the protonated paraffins other than methane are based on the reason- 
able assumption that in the hydride ion transfer reactions observed in methane 
mixtures, CH.” is a reactant ion. The transition state ion in this case must be of the 
formula C,H, and in order for reaction to be observable its heat of formation must 
be lower than the sum of the heats of formation of the reactants. The values for 
CH,SH,*, CH,SH,*, C,H,,°, C,H,.°, and were derived in a similar way. 

Many of the ions shown in Table 4 have the structure of stable and often saturated 
molecules to which a proton has been added and it is of interest to express the 
energetics of such important and unusual species as proton affinities of the original 
molecule.*-*:'* Since the proton affinity of a molecule, M, is defined as the negative 


of the enthalpy change of the reaction 


M H MH (R15) 
it follows that 


P.A.(M) — AH(H*) — AHAM) — (14) 
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Reactions of ions with molecules in the gas phase 


TABLE 5. PROTON AFFINITIES OF MOLECULES IN GAS PHASI 


Proton affinity (kcal/mole) 


Molecule 


Lower limit Upper limi 


\H can be 


| 
OICCUIL 


les whose protonated forms, . appear in Tabl 


ion concerning un ) standa formation 


As expected the proton affinities « nsaturated molecules and of molecules 


containing unshared electron pall juite high (usually greater than 140 kcal/mole) 


and considerably higher tha e saturated molecules. Nevertheless the 


proton affinities of the saturated molecules are surprisingly high. The protonation 


of saturated molecules is now being recognized as important in the radiation chemistry 


of gases and it may well be that such protonation plays a larger part than generally con- 


sidered in chemical reactions in condensed phases that proceed by ionic mechanisms. 
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REARRANGEMENT STUDIES WITH “C—VIII* 
EXTERNAL AND INTERNAL RETURNS IN THE SOLVOLYSIS OF 
2-PHENYL-!-"C-ETHYL p-TOLUENI SULFONATI 
Cc. C. Lee. R. TKACHUKtT and G. P. SLATER 
Department of Chemistry niversity of Saskatchewan, Canada 
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RESULTS 


2-Phenyl-1-'*C-ethyl p-toluenesulfonate (1) was prepared as previously described. 
The location of the “C labels on the C-1 position was established by reaction of | 
with sodium iodide in acetone to give 2-phenyl-1-'*C-ethyl iodide which was oxidized 
to produce nonradioactive benzoic acid. Alternatively, the 2-phenyl-1-'"€ -ethyl 
iodide so obtained was converted to the Grignard reagent followed by reaction with 
carbon dioxide to give hydrocinnamic acid which also oxidized to nonradioactive 
benzoic acid. The latter method was used for the degradation of the samples of 
2-phenylethyl p-toluenesulfonate recovered from the interrupted solvolysis reactions 


because firstly, it affords a further purification of the 2-phenylethyl iodide through 


TABLE 1. RESULTS PROM PARTIAL SOLVOLYSIS OF 2-PHENYL-I-'*C-ETHYL p-TOLUENESULFONATI 


the formation of hydrocinnamic acid. and second! ‘hydrocinnamic acid oxidizes 


much more readily than 2-phenylethyl iodide 

Acetolysis and formolysis of 0-5 M solutio were carried out at reflux 
temperature in the presence ol equimolar ol potassium acetate and 
nts, other salts added included 


percl t r |1-O molar equivalent of sodium 


potassium formate vely. In some 
le 


0-1 or 1-0 molar equival of lithium 


p-toluene-*’S-sulfonate rhe acetolyses were interrupted after 30 n of refluxing 


and the formolyses after minutes of refluxing. Under these conditions. 2-phenyl- 


ethyl p-toluenesulfonate (1,) recovered from the reaction 


mixtures ranged between 
50 and 60 per cent and betwee! and 5 ent, respectively, for the acetolyses 
and formolys Samples he re ulfona ‘re degraded to benzoic 
acid as indicated earlier The products of solvolysis, 2-phenylethyl acetate or 


2-phenylethy! formate, were also oxidize benzo with potassium 


permanganate In each case, the radioactivity in th zoic acid was a measure of the 


rearrangement of the '*C-labeled atoms fro ie C-1l to the C-2 positions of the 


-phenylethyl group. For example, for run no 1 the acetolysis with no added salt 


other than potassium acetate, the radioactivity, on a molar basis, for the hydrocinnamic 
acid derived from I was 14,394 c.p.m. The benzoic acid derived from the recovered 
sulfonate I, and from the reaction product contained, respectively, 294 and 687 c.p.m. 


of radioactivity on a molar basis. Thus the rearrangement in the recovered 2-phenyl- 


ethyl p-toluenesulfonate was 294/14394 »« 100 = 2-0", and the rearrangement in 


the reaction product, 2-phenylethyl acetate, was 687/14394 100 4-8° The 


extents of such rearrangements for all solvolysis runs are summarized in Table |. 
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rearrangement in the recovered sulfonate I, by the percentage rearrangement in the 
corresponding reaction product, is more significant than the percentage rearrangement 
in I, as such. These rearrangement ratios are tabulated in Table |. 

For the acetolysis and formolysis of I with no added salt other than potassium 
acetate or potassium formate, the extent of isotope position rearrangement in the 
recovered sulfonate, I,, was slightly higher for formolysis than for acetolysis. 
However, the rearrangement ratio for acetolysis averaged 0-42 while this ratio for 
formolysis was only 0-06. These ratios indicate that in the acetolysis, the return 
process or processes involving the ethylphenonium ion (V) averaged 42 per cent as 


much as the formation of reaction product, 2-phenylethyl acetate, through V. On 


the other hand, the return process or processes through V during formolysis was only 
6 per cent uch as the formation of 2-phenylethyl formate through \ This is 
what one yuld expect since the increase in ning power of formic acid over acetic 
acid would tend to facilitate further solvolysis and relatively retard the return step.*” 

With added lithium perchlorate, it 1s evident that salt-promoted ionization® 4 
occurred the extent of isotope position rearrangements in the reaction products 
increased with increasing amounts of this added salt. The contribution from such 
an increase in ionization with phenyl participation to the overall solvolysis would 
iccount for at least in part f not entirely, the increase in acetolysis rate of 2-phenyl- 
ethy! tol esulfonate attributed to the “‘normal salt effect’’ of added lithium 
perchlorate [he presence of lithium perchlorate is expected to reduce the extent of 
the return process or processes, possibly through irreversible formation of a carbonium 
perchlorate 1on-pair whicl will only give rise to reaction product and thereby 
preventing some of the carbonium ions from possible returns to covalent bonding.*:’ 
In the acetolysis, the presence of an equimolar quantity « ithium perchlorate 
decreased the rearrangement ratio from about 0-4 to about 0-2, in agreement with 


expectalh 


Che data discussed so far do not diflerentiate the types of return processes involved 
because the arguments presented can be ipplied to oth external and internal returns. 
For the solvolysis of | in the presence of sodiun toluene-°’S-sulfonate, a more 
detailed dissection of the return processes 1s possible [he incorporation of *°S in 
the recovered sulfonate I, may be accounted for by the exchange for added p-toluene- 
sulfonate anion in the return from ionic intermediates to covalent bonding, or by a 
bimolecular displacement reaction between added p-toluenesulfonate anion and I, or 
both. The “C rearrangement in the recovered sulfonate |, must arise from return 
involving ionic intermediates: the bimolecular displacement between p-toluene- 
sulfonate anion and I will not contribute to “C rearrangement tn | For the present 


system, especially in the acetolysis, it is very likely that some of the *°S found in I, 
was derived from such a bimolecular displacement since considerable bimolecular 
reaction between 2-phenylethy! p-toluenesulfonate and acetate anion was noted 


during acetolysis.* Even if one were allowed to neglect the incorporation of *°S into 
[. through bimolecular displacement, the presence of *°S in Ir Is not a definitive 


criterion for a differentiation between external and internal returns because it may be 


possible to have exchange of p-toluenesulfonate anion with ionic intermediates I], II] 
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or 1V. On the other hand, if the results were to show an absence of *°S in I, while I, 
still shows “C rearrangement, then such observations would be decisive evidence 
for internal return, namely return from intimate ion-pair Il. However, such results 
were not observed. 

Considering the actual experimental data given in Table 1, the interpretation of 
the amount of *°S in I, in conjunction with the magnitude of “C rearrangement in 
1, can lead to some interesting conclusions. Take, for example, formolysis runs. No. | 
and 2 in the presence of an equimolar quantity of sodium p-toluene-*°S-sulfonate, 
the “C rearrangements in I, were 4°6 per cent and 4-9 per cent, respectively. If this 
rearrangement were to arise entirely from return involving carbonium ion V and the 
added p-toluene-*’S-sulfonate anion, the incorporation of *°S into I, would have to 
be 2 46 and 2 « 49 of the *S-labeled sulfonate added. 
However. allowance should be made for the dilution of the added p-toluene-*S- 
sulfonate anions by the p-toluenesulfonate anions formed during the reaction. Under 
the experimental condition employed, an estimated correction factor of 0-8 would 
have to be applied for reactions interrupted at 50 per cent completion The expected 
incorporation of 5§ into I, for the two formolysis runs would be 0°8 9-2 74% 
and 0-8 « 9-8 78 if only external return were operative and if bimolecular 
displacement between | and p-toluene-*°S-sulfonate anion were negligible. Actually, 
the percentage *’S incorporated in I, was less, namely, 6-5 per cent and 6-0 per cent 
for the two runs, indicating that at least some of the p-toluenesulfonate anions involved 
in the return to give isotopically rearranged I, were derived from an intramolecular 
process. In other words, there is definitely some internal return from an intimate 
ion-pair in the formolysis of | 

lo account for the incorporating of *’S in |, from formolysis, one may assume 
the occurrence of only bimolecular displacement between p-toluene-*’S-sulfonate 
anion and | without postulating any external return. However, very probably, this 
is not the case as external return may be regarded as playing a definite role from the 
following considerations. Comparing the C rearrangements in the reaction product 
and in the recovered I, from formolysis runs with and without added sodium p-toluene- 
5S-sulfonate, it can be seen that the extent of salt-promoted ionization due to added 
sodium p-toluenesulfonate is small, if any However, the extent of rearrangements 
in the recovered I, is increased considerably by the presence of sodium p-toluene- 
sulfonate. Thus the rearrangement ratios rose from 0-06 to an average of 0-11 for 
formolysis without and with added sodium p-toluenesulfonate. These ratios indicate 
that the presence of added p-toluenesulfonate anion increased the fraction of 
carbonium ions (V) undergoing return to covalent bonding Such an effect 1s 


' and thus is indicative 


reminiscent of the “‘mass-law effect’’ of added common ions' 
of the occurrence of external return. One may, therefore, reasonably conclude that 
in the formolvysis of I, both internal return and external ion return take place 


For the acetolysis of I in the presence of an equimolar quantity of sodium 


p-toluene-*°S-sulfonate, the results are not as clear cut as those from formolysis. The 


fact that the percentage *’S in the recovered sulfonate I, was more than twice the 
percentage “C rearrangement in I; (see Table |) appears to indicate that it may not 


if a bimolecular displacement between I and p-toluene-**S-sulfonate anion occurs, the *’S incorporation 


would have to be still higher 


L. C. Bateman, M. G. Church, E. D. Hughes, C. K. Ingold and N. A. Taher, J. Chem. Soc, 979 (1940) 
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be necessary to postulate the occurrence of internal return in the acetolysis. However, 
a substantial part of the *°S in I; recovered from acetolysis may be derived from 
bimolecular displacement between p-toluene-**S-sulfonate and I, though the present 
data cannot show what fraction of the *°S in I, should be attributed to this source. 
Actually, one should expect, by analogy with formolysis, that both internal and 
external returns may be involved in the acetolysis of I. 

Considerable kinetic data on the acetolysis of 2-phenylethyl p-toluenesulfonate 
have been reported by Winstein ef a/.®.*.® It is of interest to note that in the acetolysis 
of certain systems, these workers observed a “special salt effect’’ characterized by a 
rather large increase in rate with the addition of small amounts of lithium perchlorate 
and that such a special salt effect was not observed in the acetolysis of 2-phenylethyl 
p-toluenesulfonate.* The occurrence of this special salt effect has been attributed to a 
suppression of external ion-pair return, or the suppression of return from solvent 
separated ion-pair III.* For a system which does not show the special salt effect but 
does show evidence of a return process, the return is then inferred to be internal 
return from intimate ion-pair II.* Since acetolysis of | would not give an observable 
special salt effect.” one may then argue that only internal return is operative during 
acetolysis of I. However, since the contribution to the overall acetolysis reaction of 
I by the ionic process involving carbonium ion V or its equivalent amounts to only 
about 10 per cent,'* under such circumstances, it is uncertain whether the absence of 
observable special salt effect would have the same significance as in systems with more 
stable carbonium ions. The quite sensitive isotope position rearrangement data 
given in Table | show an increase in the rearrangement ratios of from about 0-4 to 
about 0-5 for acetolysis of I in the absence and in the presence of added sodium 
p-toluenesulfonate. Such results again indicate a greater fraction of V undergoing 
return when the common p-toluenesulfonate anion is present. It is, therefore, very 
likely that during acetolysis as well as formolysis of I, returns to covalent bonding 
involve both external and internal returns 


EXPERIMENTAI 


The preparation of 2 phenyl-1- *C-ethy p-toluenesulfonate (1), the solvolyses of | and the 
degradation of the solvolyses prod icts have been described previously Inthe present work, acetolyses 
or formolyses of 1, with or without added lithium pe orate Or sodium p-toluene-**S-sulfonate, were 
interrupted before completion and the reaction lucts as well as the “unreacted” 2 phenylethy! 
p-toluenesulfonate were \ <d for degradation. A typical run, that of a formolysis in the presence 
of an equimolal quantity S u p-toluene-*’S-sulfonate. is given below to illustrate the present 
experimental procedures 


sodium p-toluene-*’S-sulfonate. p-Toluene-**S-sulfonic acid was prepared by sulfonation of 


toluene with concentrated sulfuric acid con aining S * method used was as described by | ucas 


and Pressmar Che product obtained, after recrystallization from dioxane and petroleum ether, 
melted at 103-104 4 diethy! ether solution this p-toluene S-sulfonic acid and 2-phenylethy! 
p-toluene-sulfonate showed no exchange of *°S after standing at room temp for 1 week. The sodium 
p-toluene-**S-sulfonate was prepared from the acid by neutralization with sodium carbonate followed 
by complete removal of the excess water 
Formolysis in the presence of sodium p-toluene-*S-sulfonate \ mixture of 4-00 ¢ (0-0145 mole) 
2-phenyl-1-"C-ethyl p-toluenesulfonate, 2:82 ¢ (0-0145 mole) sodium p-toluene-*°S-sulfonate, and 
l 22g (0-0145 mole) potassium formate in 29 ml anhydrous formic acid (m p. 8-3 0-1") was 
refluxed for 20 min. The resulting mixture was poured onto crushed ice and then extracted 3 times 
From the *C rearrangement of about 5°, in the reaction product, 2 phenylethyl acetate.? 
‘Ss H. J. Lucas and D. Pressman, Princiy and Practice in Organic Chemistry p. 342. John Wiley. New York 
(1949), 
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combined extract was washed successively with water, dilute sodium 
I The washed extract, after drying over magnesium sulfate, 
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THE NITRATION AND CHLORINATION OF 10-METHYL-10:9- 
BORAZAROPHENANTHRENE 


M. J. S. DEWAR and VED P. KuBBA 
Dept. of Chemistry, Queen Mary College, Mile End Road, London 


(Received 14 April 1959) 


Abstract 10-Methy!- and 10-hydroxy-10:9-borazarophenanthrene have been nitrated with nitric 
acid in acetic anhydride, and the former compound has been chlorinated with chlorine in acetic acid; 
the products have been oriented and the proportions of isomers determined quantitatively. The 
results are shown to be in general agreement with the predictions of MO theory, attack taking place 
in the 6- and 8-positions. A method for degrading such boron compounds is described, and also the 


synthesis of 2-, 6-, and 8-chloro-10-methyl-10:9-borazarophenanthrenes as reference compounds 


The 6- and 8-amino derivatives of 10-methyl and 10-hydroxy-10 9-borazarophenanthrene have 


been prepared by reduction of the corresponding nitro derivatives 
IN a recent paper’ we described the preparation of various derivatives (1) of the new 
heterocyclic system, 10:9-borazarophenanthrene (1; R H). The general properties 
of these compounds indicated their close resemblance to the corresponding isocon- 
jugate derivatives of phenanthrene; we concluded that they are aromatic, and so best 
represented by the classical structure (1) 

In support of this we have now found that the 10-methyl and 10-hydroxy deriva- 
tives (I: R Me, OH) readily undergo nitration or chlorination, without appreciable 
dealkylation or fission of the boron—nitrogen bond. In view of the theoretical interest 
of these reactions we have studied them in some detail and determined the orientation 


of the products formed 


Chlorination of 10-methyl-10:9-borazarophenanthrene (1; R Me) with one 
molar equivalent of chlorine in acetic acid gave a mixture of chlorination products in 


81 per cent yield. This mixture was separated into two components by chromato- 


graphy. The main component (A) analysed as a chloro derivative of | (R = Me); 


its orientation was determined by synthesis and degradation 


It seemed likely on theoretical grounds (see below) that (A) would be 2-, 


* Dewar, Kubba and Pettit, J. Chem. Soc. 3073 (1958) 
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&-chloro-10-methyl-10:9-borazarophenanthrene—1.¢ : or IV These three 


compounds were synthesized by the method previously described.’ 


1) 
oncentrated 


to derivatives 
sulphuric 


boronic ac 


carricd out, 


and that gave ; appal rrat resu or cal carbon analyses for boron 
compounds are 

The nitration of 10 thyl-10:9-borazarophenanthrene (1; R Me) was carried 
out with nitric acid in cold acetic anhydride; a mixture of nitro compounds was 
obtained in 78 per cent yield. Chromatography separated this into two main com- 
ponents (C), (D), and a minor component (E). All three formed orange-yellow 
crystalline solids. The U.V. spectra of C and D are shown in Fig. 3; that of E ts 
shown later (Fig. 4) 

Attempts were first made to synthesize the three nitro compounds corresponding 
to HI, 111, and IV from the appropriate nitroaminodiphenyls; the amines reacted 
with boron trichloride, but the products could not be cyclized 


Attempts were then made to convert the nitration products to the corresponding 


chloro derivatives. Reduction with hydrazine hydrate over palladized charcoal gave 


the three amines in almost theoretical yield, but attempts to convert them to the 
chloro compounds by the Sandmeyer reaction failed 

Compounds C and D, which analysed well as nitro derivatives of 10-methyl-10:9- 
borazarophenanthrene, were then degraded with cold concentrated sulphuric acid; 
C gave 2-amino-3-nitrodiphenyl (VII), while D gave 2-amino-5-nitrodiphenyl (VIII) 
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Therefore C was formulated as §-nitro-10-methyl-10:9-borazarophenanthrene (1X), 


and D as 6-nitro-10-methyl-10 9-borazarophenanthrene (X) 


NO O.N NO 


Vil 


gave erratic results 


The third component (E) presented difficulties, since at first it 


on analysis. However esponding amine analysed w ell as an aminohydroxy- 


1.R. spectrum ol FE showed it to contain both NH and 


borazarophenanthrene, and the 


OH groups. Moreover E was degraded by cold concentrated sulphuric acid to VII 


We therefore formulated E as &-nitro-10-hydroxy-10 9- borazarophenanthrene (XI) 


O.N 


xX! xi xiil XIV 


First. it was noticed that E was 


This structure was confirmed in two ways 
ethers (XII; R Me, Et) merely 


converted to the corresponding methyl and ethyl 
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by recrystallization from the corresponding alcohols, and that the ethers were 


hydrolysed on recrystallization from carbon tetrachloride (presumably by traces of 
water dissolved in the solvent or adsorbed on the surface of the glass vessels used). 


It is well known that esters of boric acids are formed and hydrolysed with exceptional 


ease 
we obtained by nitrating 10-hydroxy-10:9-borazarophenanthrene a 


Secondly 
mixture of mononitro derivatives. separated into two components by extraction with 


carbon tetrachloride [he soluble component was identical with E, which must 
therefore be a nitrohydroxyborazarophenanthrene. The insoluble component also 
analysed as a nitrohydroxyborazarophenanthrene, and it was degraded to VIII by 
cold concentrated sulphuric acid. It was therefore formulated as 6-nitro-10-hydroxy- 
(XIIL). Like XI, it was converted to ethers (XIV; 


|0:9-borazarophenanthrene 
R Me. Et) by crystallization from methanol or ethanol 
The U.V. spectra of XI and XIII are shown in Fig. 4 


Both XI and XIII were reduced by hydrazine hydrate over palladized charcoal to 


the corresponding amines XV and XVI. The UV spectra of the 8- and 6-amino 


derivatives of 10-methy!l and 10-hydroxy-10 9-borazarophenanthrene are shown in 


I igs 5 and 6 
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The formation of XI by nitration of 10-methyl-10:9-borazarophenanthrene 
involves demethylation; two lines of evidence suggest that demethylation follows 
nitration. First, we were unable to detect any XIII in the nitration product, although 
nitration of 10-hydroxy-10:9-borazarophenanthrene gave comparable amounts of 
XI and XIII; secondly, if the nitration mixture were allowed to stand for a longer 
period before hydrolysis, the amount of XI in the product increased and the amount 
of IX decreased. Presumably, the same thing happens in the chlorination of I: 
(R = Me), VI being formed by oxidation of I\ 


TABLE | PROPORTIONS 1 ISOMERS LUTION REACTION OF 


BORAZAROPHENANTHR 


[he proportions of isomers formed in the various reactions is listed in Table 1: 
the proportion of 8-nitro-10-methyl-10 9-borazarophenanthrene quoted is the sum of 
the relative yields of IX and XI, since XI is apparently formed by a secondary 
reaction from IX. 

Discussion Theoretical predictions orientation in aromatic substitution 
reactions can be made at various levels of sophistication. In the present state of 
knowledge a suitable compromise seems to be the simplified MO treatment developed 
by Longuet-Higgins* and by one of us* some years ago; this has been shown? to 
account well for the products formed in a variety of substitution reactions of polycyclic 
aromatic hydrocarbons and heterocycles 

In this treatment, the activation energy for substitution at a given position in a 
heterocycle is divided into two parts; the first is the activation energy for substitution 
at the corresponding position in the isoconjugate hydrocarbon; the second measures 
the modifying effect of the heteroatoms 

Substitution in phenanthrene occurs predominantly’ in the 9-, 1-, and 3-positions ; 
the l-, 3-, 6-, and 8-positions in 10:9-borazarophenanthrene should therefore be 


inherently the more reactive. Nitrogen, being more electronegative than carbon, 


should deactivate positions of opposite parity to itself;? the 9-aza-group should 


therefore selectively deactivate the I-, 3-, 5-, and 7-positions. Boron, being less 
electronegative than carbon, should selectively activate the positions of opposite 
parity to itself—i.e. the 2-, 4-, 6-, and 8-positions. One would therefore expect 
substitution in 10:9-borazarophenanthrene to occur predominantly in the 6- and 
S-positions—in agreement with our observations (Table 1). These relations are 
indicated in Fig. 7. 

Longuet-Higgins, J. Chem. Phys. 18, 265, 275, 283 (1950) 


* Dewar, J. Amer. Chem. Soc. 74, 3341, 3345, 3350, 3353 
* Dewar and Maitlis, J. Chem. Soc. 2251 (1957) 


"7 DERIVATIVES 
Reactio 6-substitution 8-substitutio 
Chlorination of (1 R Me) 
a Nitration of (1: R Me) 66 
3 Nitration of (1 R OH) 64-5 
if 
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Predictions of this kind can be put on a semiquantitative basis.**.* Table 2 lists 
the relative activation energies so predicted* for substitution in 10:9-borazarophenan- 
threne. The first term gives the activation energy for substitution at the corresponding 


position in phenanthrene in terms of the carbon-carbon resonance integral /; 


the second term represents the effect of the nitrogen atom (coulomb term ~,); the 
third term represents the effect of boron (coulomb term ~,) rhe experimental 
evidence indicates that the 4- and 5-positions in phenanthrene are sterically hindered, 


hat their reactivity is close to that of the 2- and 7-positions; the first term has 
therefore been arbitrarily set equal to that for 2-substitution 

An investigation’ of nitration in heterocyclic systems suggested that a suitable 
value for x, is about 10f; the last column of Table 2 has been calculated on this 
basis. Boron is le ct rative than carbon he differences in electronegativity 
between boro! are probably com- 
parable. Hence we would i iat case Table 2 indicates that 
the 6- an sito! ul e much the m« reactive—as observed 


ld expect the 6- and 8-positions 


0-O4¢ 0-046 
0-045 234) 0-048 
0-0 0-056 
0-038 0-O038% 
0-013 
0-167 
0-Ol6% 
0-138» 


0-167 


O-Ol¢ 


0-046, 0-01 38 


be of comparable reactivity, whereas in practice the 8-position is the more reactive 
However, apart from the uncertainty in the value of «,, two other factors could be 
important; the inductive effect of the 9-aza nitrogen on the adjacent 5-position, and 
the possibility that N-nitration or chlorination may occur, followed by an intra- 
molecular rearrangement to the 8-position 

One further point is of interest; the fact that IX 1s converted to XI under the 
conditions of nitration, whereas X appears to be stable. This difference must be due 
to hydrogen bonding between the nitro and imino groups of IX, though it is not 
obvious why this should labilize the 10-methyl group to oxidative attack 


¢ 
. 
6 5 4 2 
. . 
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oO! AF calc (a) AF (b) 
1 ().1 38 
2 2-18 0-016 
2-04 
2-18 
j 


New heteroaromatic compounds—IV 


EXPERIMENTAL 


(Microanalyses were carried out by the Microanalytical Laboratory, Imperial College, South 
Kensington, London S.W.7., and by Alfred Bernhardt, Max-Planck-Institut, Miilheim, Germany. 
Chromatography was carried out with Peter Spence alumina, type H 100/200 mesh) 

2-Chloro-10-methyl-10:9-borazarophenanthrene. A solution of 2-amino-4’-chlorodipheny! (6 g) 
in dry benzene (50 ml) was added dropwise with vigorous stirring to one of boron trichloride (3-6 g) 
in dry benzene (200 ml), and the solution was then boiled under reflux for 7 hr. After removing the 
solvent, anhydrous aluminium chloride (0-3 g) was added, and the mixture heated to 180° for 6 hr. 
he resulting 2,10-dichloro-10:9-borazarophenanthrene was taken up in dry benzene (100 ml) and a 
solution of methylmagnesium iodide (from magnesium, 0-9 g, and methyl iodide, 5-2 g) added slowly 
with vigorous stirring at 0 The solution was then boiled under reflux for 1 hr and the product 
isolated by adding dilute acid and ether; evaporation gave 2-chloro-10-methyl-10 :9-borazarophenan- 
threne, which crystallized from light petroleum (b.p. 40-60°) in white needles (4-4 g, 65°), m p. 
98-99 (Found: C, 68:7; H,4°9; N, 63; 15-5; B, C,3H,,NCIB requires: C, 68-6; H, 
N, 62; Cl, 15-6; B, 4-8%) 

6-Chloro-10-methy 1-10 :9-borazarophenanthrene. Prepared likewise in 70°, overall yield from 
} 


wrazarophenanthrene crystallized from light 


2-amino-5 chlorodiphenyl, 6-chloro-10-methyl-10:9- 
petroleum (b.p. 40-60°) in white needles, m.p. 86-87° (Found: C, 68-6; H, 4-9; N, 62; Cl, 15-4; 
B, 4-:7°.) 

&-Chiloro-10-methyl-10 :9-borazarophena Prepared likewise in 52 verall yield from 
-amino-3-chlorodipheny! DOTa »phena th if almost 


olourless iquid 70-17 5 nm H B 4-7 


Chlorination of 10-meth 


permanganate (4-01 g) 

borazarophenanthrene 

into water, neutralized wit! <dium carbonate 

left a pale brown residue (9°5 g ) A solut 

chromatographed on alumina from benzene, 

main band gave an oil (1 

Ci, 15°83; B, 4-7. C,.H,,N¢ 

spectrum was identical with that } m - - 1Zi rophenant rene Attempts to 
identify the material (m.p. | 3°) in the d band were unsuccessful through lack of material 
Its U.\ spectrum resembled tI Val ; ra rarophenant! rene. Only one analysis could 
be carried out, and that gave an apparently ati ; carbor (Found: C, 64:7: H, 4-2: 
N, 5-7; Cl, 15-1. C,,H,ONC requ 2 3 Cl, 15:4%) 


Degradation of the main chlorination / he chlorination product (0-5 g) was added to 


tor 


conc H,SO, (20 ml) and left 2 hr at room tem he soluti vas then poured into water, basified 
with sodium hydroxide, and extracted with ether il of the ether left 2-amino-3-chlorodipheny! 


(0-25 56 ). identified by mixed m.t lerivative 


Nitration of 10-methyl-10:9-borazarophenanthre A solution of nitric acid (d 1-5, 4-2 2) in acetic 
acid (20 ml) was added dropwise with vigorous stirring to one of 10-methyl-10:9-bora rarophens nthrene 


(12:1 g) in acetic anhydride (100 ml), the temp being e at 0 2 After the reaction 
mixture was poured onto water and ice, neutralized wit! dium carbonate, ar tracted with ether 
Evaporation of the dried (Na,SO,) extract left a yellowish brown residue. A portion (2-9 g) was 
chromatographed from benzene on alumina. The first (purple) band was eluted with benzene, 
giving 8-nitro-10-methy/-10:9-hora aroph nanthrene (1-40 ¢, 48°.),. which crystallized from benzene 
light petroleum in deep yellow needles, m.p. 165-166". (Found: C, 65-5; H, 4-8; N, 11-7; B, 4-6 
C,,H,,O,N,B requires: C, 65-6; H, 4-6; N, 11:7; B, 46%). The second (orange) band, eluted 


with benzene—chloroform, gave 6-nitro-10-methyl-10:9-borazarophenanthrene (0-95 g, 33°), which 


crystallized from benzene-light petroleum in light yellow needles, m.p. 209-210. (Found: C, 
64:1; H, 47; N, 11-3; B,4-4°,). The third (dark orange) band was eluted with chloroform, giving 
&-nitro-10-hydroxy-10:9-borazarophenanthrene (0-43 g, 15°.) which crystallized from carbon tetra- 
chloride in orange prisms. m.p. 266-267°. (Found: C, 59-8; H,4,1; N, 11:5; B,4-2. C,.H,O,N,B 
requires: C, 60-0; H, 3:8; N, 11-6; B, 46%). The hydroxy compound gave on recrystallization 


from ethanol yellow needles of 8-nitro-10-ethoxy-10:9-borazarophenanthrene, m.p. 125-126°. (Found: 
C, 62:6; H, 48; N, 10-6; OEt, 14:5. C,,H,,O,;N,B requires: C, 62:7; H, 48; N, 10-4; OEt, 
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vedies of »~10-methoxy-10°9 


N, 10-8: OMe, 11-2. C,,H,,O,N,B 


65 vield, 6-amino-10 


granules, m.p. 218-220 


ickhnowledgement than live for a research grant 
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168°). Recrvsta tion from methanol likewise gave yellow - 
phenant! 155-156". (Found: C, 61-3; H, 45; 
C, 61-4; H, 43; N 0: OMe, 
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ddex conc H.SO, (20 After 2 em] poured onto ice, basified 
phe cry 10.60 ve cedles (0-3 8°.) mp. and — 
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ZUR KONSTITUTION 
DER SANDARAKOPIMARSAURE-—II* 


UBER DIE STERISCHE BEZIEHUNG DER SANDARAKOPIMARSAURE 
ZU DEN DEXTROPIMARSAUREN?t 


V. GALik,* F. Perru und J. KuTHANSs 
Institut fiir anorganische Chemie der Chemisch-technologischen 


Hochschule Prag, Prag Tschechoslowakei 
{20 April 1959) 


Zusammenfassung— Durch teilweise yd ung der Sandarakopimarsaure mit Palladium wurde 
ein flussiger Kohlenwasserstoff C,. reser erwies sich a dentisch mit einem schon 
bekannten, durch die Dehy erung det tropimarsau rewonnenen Kohlenwasserstoff. Daraus 
die Sanda op irsdure a hienstoffatom 13 dieselben Substituenten 


wird geschiossen, dass 


und dieselbe Konfiguration wie « tropimarsaure Desitzt 


IN unserer friheren Abhandlung iiber Sandarakopimarsdure! haben wir mitgeteilt, 


dass diese Siure mit det Dextropimarsiure (1), bzw. mit der lsodextropimarsaure (11), 


nahe verwandt ist. Diese Annahme stiitzte sich auf das Ergebnis det Dehydrierung 
der Sandarakopimarsiure mit Selen, wobei das Pimanthren (III) erhalten worden 
war. Eine weitere Stiitze lieferte der Vergleich der I-R-Spektren der Methylester 
der drei genannten Siuren. Dagegen schlossen die Mischschmelzpunkte der Methy!- 
ester die Identitét der Sandarakopimarsiure mit den Sduren (1) oder (II) aus. Das 
fiihrte uns zu der Annahme, dass der Unterschied zwischen Sandarakopimarsaure 
und den Siduren (1) oder (11) in einer abweichen Konfiguration am Kohlenstoffatom 


4 besteht 


* Mitteilung | F. Petru u.V. Galik. Co Crech. Chem 2717 (1983) 
* Vorldufige Mittcilung V. Galik, F. Petru u. J. Kutha f vissenschaften 46, 322 (1959) 
Arbeitsstitte Laboratorium fiir heterocyklische Verbindungen der Tschechoslowakischen 


Jetzige 


Akademie der Wissenschaften 


§ Jetzige Arbeitsstitte: Institut fir organische Chemie der Chemisch-technologischen Hochschule Prag 
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Um diese Annahme weiter zu verfolgen, gingen wir von den, die Dehydrierung 


der Siiuren effenden Angaben von Harris und Sanderson* aus, und 


unterwarten ndarakoy arsiure einer teilweisen Dehydriecrung mit Palladium 
Wir erhi chromatographisch zwei Anteile 
ger Kohlenwasserstof! 

und lieferte mit 1,3,5-Trinitro- 
deren Analyse mit der 


Der zweite, kristalline 


\ 
iy 


Ein Vergleich der Infrarot—spektren und die Mischschmelzpunkte det Additions- 


verbindungen mit 1.3.5-Trinitrobenzol zeigten die Identitét des Kohlenwasserstoffs 
d 


C,,H,. mit dem flissigen Kohlenwasserstofi, der von ul 
der Dehvdrierung der Sandarakopimarsiure mit Selen erhalten worden war 


Harris und Sanderson? erhielten jedoch bei der Dehydrierung der Dextropimar- 


fl ren Kohlenwassers (LV). Bei der Wieder- 


Ssaure mit Palladiu inen 


> der Versuche von Harris und Sanderson konnten wir den von diesen Autoren 


neben Pimanthren, bei 


holuns 
beschriebenen Kohlenwasserstoff isolieren und seine Identitét mit dem von uns aus 
der Sandarakopimarsiure erhaltenen Kohlenwasserstoff C,,H,. beweisen. Beide 
Kohlenwasserstoffe bildeten nimlich mit 1,3,5-Trinitrobenzol Additionsverbindungen 
122-123°, der bei der Mischprobe keine Erniedrigung zeigte. Eine 


vom Schmp 
weitere Stiitze lieferte der Vergleich der Infrarot-Spektren (vergl. Abb. 1), wahrend 


das Ultraviolett-spektrum die Identitat mit dem Kohlenwasserstoff von Harris und 
Sanderson ergab (vergl. Abb. 2) 

Bei der optischen Untersuchung der Kohlenwasserstoffe C,,H,, aus der Dextro- 
pimarsaure und der Sandarakopimarsaure fanden wir, dass beide Kohlenwasserstoffe 
optisch aktiv sind, und dass sie denselben (positiven) Drehungssinn zeigen. Daraus 
kann man schliessen, dass die Konfiguration am Kohlenstoffatom 13 bei der Sanda- 
rakopimarsiure die gleiche ist wie bei der Dextropimarsaure, wahrend die Isodextro- 


' F. Petru u. V. Galik, Coll. Crech. Chem. Comm. 18, 717 (1953) 
2G. C. Harris u. T. F. Sanderson, J. Amer. Chem. Soc. 70, 2081 (1948) 
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pimarsaure an diesem Kohlenstoffatom die umgekehrte Konfiguration besitzt.*~* 
Somit diirfte die Untersuchung der gegenseitigen Beziehung der Sandarakopimarsaure 
zur Dextropimarsdure in erster Linie die Konfiguration am Kohlenstoffatom 4 


betreffen. Unsere Ergebnisse in dieser Richtung werden in einer spiteren Verdéffent- 


lichung mitgeteilt 


Pd 
BESCHREIBUNG DER VERSUCHI 


Darstellung der Sandarakopimarsdure aus kéuflichem Sandarak 

Die friher von uns' angegebene Vorschrift zur Darstellung der Sandarakopimarsaure wurde 
folgendermassen abgeande rt 

200 g kauflichen Sandaraks wurden mit 800 ml Ather verrieben. Nach dreitagigem Aufbewahren 
bei Zimmertemperatur wurde die atherische Lésung abgegossen und mit gasfOrmigem Ammoniak 
gesaltigt Der abgeschiedene Niederschlag wurde abgesaugt und mit 100 ml Ather gewaschen. Die 
vereinigten Filtrate wurden mit insgesamt 500 ml 1-proz Natronlauge ausgeschittelt. Die vereinigten 
alkalischen Ausziige wurden mit verdiinnter Essigsdure (1 3) bis zur sauren Reaktion versetzt. Det 
gebildete klebrige Niederschlag wurde mehrmals mit kaltem Wasser dekantiert und schliesslich in 
60 ml 5-proz. Natronlauge gelést. Die entstandene, mit Wasser auf das doppelte Volumen verdiinnte 
Lésung wurde vorsichtig mit 5-proz Natronlauge bis zur deutlichen alkalischen Reaktion und dem 
Auftreten einer Triibung versetzt.* Nach mehrstiindigem Stehen in der Kalte schied sich das 


* Ein Ueberschuss von Alkali hat die Abscheidung eines klebrigen Niederschlags zur Folge 


* A. Brossi u. O. Jeger, Helv. Chim. Acta 33, 722 (1950). 
*O. E. Edwards u. R. Howe, Chem. & Ind. 629 (1958) 
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Natriumsalz der Sandarakopimarsaure als griessfOrmiger Niederschlag ab Das Produkt wurde 


abgenutscht, dreimal aus Wasser umkristallisiert und schliesslich bei 60° in Wasser gelést. Die 
Lésung wurde mit Kohlendioxyd gesattigt, der gebildete Niederschlag abgenutscht und aus Athanol 


umkristallisiert. Die auf diese Weise gewonnene Sandarakopimarsaure bildete farblose Nadeln vom 
Schmp. 172° (korr.) Die Ausbeute betrug 1,2 g. Bei der Mischprobe mit dem friiher' beschriebenen 


Praparat wurde keine Schmelzpunkterniedrigung beobachtet 


Dehydrierung der Sandarakopimarsdure mit Palladium 
Ein Gemisch von 0.55 ¢ Sandarakopimarsdure und 0,3 g 5-proz. Palladiumkohle wurde wahrend 
2 Stdn. im milden Kohlendioxydstrom auf 290-310° erhitzt. Nach dem Erkalten wurde das Reak- 


tionsprodukt in 50 mi Petrolather (Sdp. 40-50°) gelost Aus der abfiltrierten und getrockneten 


TARBELLE 1. CHROMATOGRAPHISCHE TRENNUNG DER REAKTIONSPRODUKTE DER DEHYDRIERUNE 


DER SANDARAKOPIMARSAURE MIT PALLADIUM 


Losungsmitt Beschaffenhet 


0.175 irbloses 
0.122 irbloses O 
0.0274 tarbloses © 


0.007 farbloses 


0.00 arbloses 


0.0005 kristallisierendes Ol 


0.00? Kristalle, Schmp 
0.011 Kristalle, Schmp 


Lésung wurde das LOsungsmittel *niferr Der Riickstand, 0,37 e:mes farblosen, 
blau fluoreszicrenden Ols, wurde ! etrolather ¢ ind die Lésung wurde unter Verwendung 
von 10g Aluminiumoxyd vita } ann womatographiert (Tabelle 1) 

Die Fraktior aus einem Hickmann—Kolben destilliert. Der Anteil vom Sdp.o 
129-135" (Badtemperatur), n; 5789 (Substanz A), wurde zur Aufnahme des Infrarotspektrums 
(Abb. 1) und zur optischen Untersuchung verwendet 

Die Fraktionen 3-4, wurden, in 6 mi Athanol gelést, mit einer warmen Lésung von 0,15 g 1,3,5- 
Trinitrobenzol | nl Athanol tzt. Man erhielt 0.2 ¢ Additionsverbindung (Substanz B), 
welche nach dreimaligem Umkristallisieren aus Athanol bei 122-123 schmolz 

C.,H,,N,0, (451,5): Ber. 63,85°, C, 5,58°, H, 9,31° N; gef.: 64,09°% C, 5,88°, H, 9.29% N 

Die Fraktionen 10-11 lieferten mit 1,3,5-Trinitrobenzol cine Additionsverbindung vom Schmp 
155-157°, keine Schmelzpunkterniedrigung mit dem aus Pimanthren dargestellten Additionsprodukt. 


Dehydrierung der Dextropimarsdure mit Palladium 

0,59 g Dextropimarsaure vom Schmp 211-212° wurden unter den gleichen Bedingungen wie bei 
der Sandarakopimarsaure mit 0,35 ¢ Palladiumkohle dehydriert. Man erhielt 0,33 g eines farblosen, 
blau fluoreszierenden Ols, welches, in Petrolather gelést, auf 10 g Aluminiumoxyd (Aktivitat I, nach 


Brockmann) chromatographiert wurde (Tabelle 2) 


; 
4 
4 
tw 
= 
Ante 
> Petrokither 10 
4 Petrolithe 10 
Pet ither 10 
Benz 
10 Benz 10 5 
Benzol 10 5 
1 12 Benzo 10 
: 


Zur Konstitution der Sandarakopimarsaure Il 


Aus den vereinigten Frak tionen 2 und 3 wurde durch zweimalige Destillation aus einem Hickmann 


Kolben cine Fraktion (Substanz A,) vom Sdp.o « 147—148° (Badtemperatur), nj, = 1,5786, erhalten, 


Aufnahme des Infrarotspektrums (Abb. 1) und des l Itraviolettspektrums (Abb. 2) 


welche zur 
Additionsverbindung mit 1,3,5-Trinitro- 


verwendet wurde. Die aus derselben Substanz dargestellte 


benzol schmolz bei 122-123° und zeigte keine Schmelzpunkterniedrigung mit der Substanz B. 


R REAKTIONSPRODUKTE DER DEHYDRIERUNG 


TABELLE 2. CHROMATOGRAPHISCHE TRENNUNG DI 
DER DEXTROPIMARSAI *ALLADIUM 


Menge odukt 
Beschaffenheit 


Losungsm! 
in m 


Dic 


mit Pin 


endung eines 


Herrn D 
Aufnahme de 


Prag) fiir se 
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: 
> Petrolather 0700 f hloses () 
‘ 10) 0 USO farbdloses 
Pe } 0.0% farbloses O] 
Pe 2 
Be 
) B 10 
10-11 Ber 20 Kristalle, Fp. 75—7¢ 
le oe Mm aus der Fraktion 11 gewonnenen Kristalle erwiesen sich, der Mischprobe nach, als identisch 
a Die qualitative optische Ur chung der Substanzen A und A, erfolgte unter Verw=— 
Polarisationsmikroskops. Beide Sub er k nd rechtsdrehend. 
Wir danken Frau Ing. E. K h ind | B. M (Labora im fiir heterocyk! 
' Verbindungen der Tschecl Akad Wiss f flr d Ausfthru ler Analysen 
; 1. Horak (Chemisc Institu er Tsc Akad. d. Wissenschaften) fiir die 
Spektren dH M lr der Chem.-technol. Hochschule 
ine Hilfe bei d tischen sucl ; 
an “ 
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SYNTHESE VON DIHYDROCORYNANTHEAN UND 
}+-EPIDIHYDROCORYNANTHEAN AUS CINCHONIN*® 
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f Pharmaceutical Sciences, University of Tokyo 
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Abstract Sta 


Diese Arbeit iwielt Versuche. die Cinchona-Alkaloide in die der Corynanthein- 


Yohimbi berfuhre mwandlung, die biogenetisch sehr 
st.* ist der ar, weil, wel Wi hon gezeigt haben, Dihydrocinchonamin 
somere Verbindung vor thoxvderivat (la, aus Cinchonin 

er Chinuclidin-Stickstofl vorher 
nan durch Verkniipfung des 
carbolin-Derivat (11) erhalten, 


Fin Modell-Versuch mit dem 


XXXI itteilur chiai u shikav rarm. Bul , 559 (1959) 

Ve dazu 10 irc i 4 reliog u ivior, Hel Chim feta 33, 
R. B. Woodward 

E. Ochiai u. M. Is 

M. Ishikawa, Chen 


Tetrahedron. 1959, Vol. 7, pp. 228 
= 

= 

Faculty 

| og Wdrocinc Mine tra ed groc eal Dy ne same 

h cases. it was fou Oppenauer oxidation of the secondary hydroxy] 

todtad xidation with merc acetate and tl im borohvdride 
converted to dihydroc ¢ 

bzw 
SOW 

welches das Grundskelett des Corynantheins enthil. 

CH.-CH»-OH : 

* Als kur Mitt ne berm CA Pi B rer ht 
180 (1950): 4 

> 
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2?’-Hydroxydihvdronichin einem aus Chinin ableitbaren Sekundiramin. ergab 
eine Verbindung (IV), die einem Tetrahydro-/-carbolinring enthalt.® 
Ferner konnte man durch Einwirkung von Bromcyan den Chinuclidin-Teild es 


2?’-Oxohexahvdrochinins an der Bindung zwischen dem Stickstoff und dem Kohlen- 


stoff C-6 spalten und das entstandene Brome in eine Verbindung iiberfiihren, 


die héchstwahrscheinlich 10-Methoxydihydrocorynanthean (IX) entspricht.!:7 
Um thre Konfi ation und it die ster en B ungen zwischen den Alkaloiden 


der ¢ bzw. Yohimbin-Reihe klarzu- 
stellen. 

1onIn wurde 1 
hydrocinchoni 
Benzoylderiy 
hydrocinchonin 
Bromcyanid (VI) vom Scl 
Spektrum (in Nujol) eine Nit 
mit Raney-Nickel in Gegenwart vor 10] aliumhydrox catalytisch reduziert, 
und das Produkt ohne Reinigung durch Erhitzen mit -proz. athanolischer Kalilauge 
verseift. Hiermit konnte in ippenf6rmig | tallisierende Substanz 
C,,H,.O.N, (VID 


Zeigte eine positi 


Vergleich d I le >» Konstitution von sowie von VII 
wurde damit, : Beriick i Verhaltens von 2 -Hydroxydihydro- 


nichin be 


A llo-2’-oxo-9-benzoylhexa ‘ocinchonin (V’) (Nadeln, Schmp. 253—255°) ergab 
analog mit Bromcyan ein nadelférmiges Bromcyanid (VI’) vom Schmp. 207-—208,5 
in Ausbeute von 94 [Theorie seinem I.R.-Spektrum (in Nujol) wurde 
das Vorliegen einer Nitril-Bande bei 2223 cm™ bestitigt. VI’ wurde analog mit 
Raney-Nickel in Gegenwart von I-mol. K iliumhydroxyd katalytisch reduziert und 
* Y. Kobayashi, Chem. Pharm. B , 273 (1958). 


* Y. Kobayashi, Chem. Pharm. Bulli , 732 (1958). 
7 E. Ochiai u. M. Ishikawa, Chen 


af 
? 
_ 
5 
j lie 
Zoreaktion (pri arom. Amin) und 1n seinem I.R -spextrum 
me (in N e Laktam-Bande bei 1600 cm vorhanden Die Selen-D hydrierung 
der Druckhydrierung mit Raney-Nickel.® sicher gestellt. 
a 3 t > r > 
ae . . NH> HO 
H 
CH; 
Br 
‘ 
N 
CH 
e 
He 
3 
a 
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eine sirupése Base (VII') erhalten, welche bei der Selen-Dehydrierung 3,4-Diithyl- 
und 2-Methyl-4,5-diithylpyridin ergab. Die Konstitution von VI’ wurde somit 
entsprechend den angegebenen I ormeln festgestellt 

Hicraus folgt, dass die Bromcyan-Spaltung von V und V’ nur an der Bindung 
zwischen dem Chinuclidin-Stickstoff ut lem Kohlenstoff C-6 mit guter Ausbeute 
Das ist sehr merkwut weil ranz analoger Reaktion zwischen Bromcyan 


nen dic Spaltung nach 


Stickstoff und dem Kohlenstoff 


Te 


(VILL) erhalten, die als Pikrat C,,H,,.N,*C,H,O;N, vom Schmp. 207-208" charak- 
279 mu bei log 3.83) 


terisiert wurde. Das U.V.-Spektrum der freien Base (/ 
stimmte mit demienigen cines Indolderivates tiberein. In ihrem I R.-Spektrum ist 


und den beiden isomeren 2'-Oxo-9-benzoylhexahy« 
> beiden Richtungen an der Bindung zwischen dem oe 
C-6 sowie C-2 erloigte 
LS OBz CN 
N 
Br 8 
red rt dd d e RB a t } ert fort der 
Oppenauer-Oxydat ch Ishikawa tert.-butoxyd und benzophenon 
unterworfen. Hierdur konnte man eine e Base vom Sdp. mm 
— 
E 
j 
\ | viv 
Wy 
= 
om 
Ans. | 
M. Ishikawa, Chem. Pharm. Bull. 6, 67 (1958) 
a 
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zwar cine NH-Bande bei 3500 cm™! vorhanden; man konnte jedoch keine deutliche 
Bande eines trans-Chinolizidin-Ringes, wie beim entsprechenden Derivat (IX) aus 


Chinin, sondern nur eine Schulter bei 2795 cm~! bemerken (Abb. 1a). (VIII) stellt also 


eine stereoisomere Verbindung von Dihydrocorynanthean dar, dessen Wasserstoff am 
C-3 héchstwahrscheinlich eine #-Konfiguration besitzt.* Ferner ergab VIII bei der 
Oxydation mit Bleitetraacetat nach Prelog und Mitarb. ein Perchlorat (schwachgelbe 


Wiirfel vom Schmp. 209-210"), welches mit dem Perchlorat von letradehydro- 


0 


dihydrocorynanthean'® (X) gut iibereinstimmte. 


zu IX schwer deh 
dtemperatur 

rend bei VIII 
Erhitzen fast keine idung tet rde. Dieser iterschi der 
Dehydrierung!!:'* ist in nklang mit d ermutung,. dass der Wasserstoff am C-3 
in VIII die und in IX die onfigul Beim Erhitzen mit Merkuri- 
acetat im Rohr auf 120° erga edi ein Didehydroderivat XI, welches als 
nadelf6érmiges Perchlorat vom Zers. Pkt. 257-2 charakterisiert wurde. In seinem 
I.R.-Spektrum (in KBr) sind 2 Banden | 1640 und 1560 cm™ vorhanden, welche 
einer konjugierten ¢ N-Bindung zuzuschreiben sind. Das letztere ergab bei der 
a rt oychaudhur ner j , 641 156) 

M. -M 

J. Leo 
13 Bis fell-Versuch zeigt. d dung d linrings bei der $-Konfiguration des Wasserstoffs 


nd mit der iqualk ige Deider tra iruppen |! t der cis-Form erreichbar ist. 


* 
H 


ai 
927 i MaSaYUK! ISHIKAWA 
‘ 
dass (XI 
cl 
det 
4 
4 
XV 
XIV 
D 
4 7 ‘ $4! 14 Prelog u. O. Hal r, {cla 
02 os 3 
= 33, M. Shamma. J. Amer. Chem. S 76, 950 
(1954); R. E. Woodson, H. W. ¥ ken, E. S er u 
+ 


Synthese von Derivaten der Cinchona-Alkaloide—XXXII 


den Cinchona-Alkaloiden und diesen 


betonen ist noch die Tatsache, dass b 


UC 


nin (XIV) 


BESCHREIBI 


wurden. Die folgen 


Mischprobe mit dem Pikrat \ 3, hylpyridin identif 


* Schmp. nicht korrigiert. 


233 
biogenctische Bezichung zwischen | 
Alkaloiden enthiillt. G Ze eer oben 
erwanntel er-Uy tion die Konfiguration von Chi bzw. 
Cinchonin (XV m C-8 erhalten bleit 
ne 
B d in Gegen 
wart No OH is ¢ Met | 
C..H..O.)? B C7461 H 7.33 Gef. ( 121 H 
Bron n-A 2 ‘ 
(VI) 
M K { 
| ) 
7 \ ~ 
1) ( 
K 
: LR | ) ) NH OH yN 
\ i \ | » I ~ ht 
¢ Reaktionsn B D eiden 
vere \ | S S | mit 
na de ul K ) Rik 1 durch | m O gd aul 
th 710 s De Pik Pik ‘ 125 
144. Die em P t bef B Los P ather-A 
durch cine Al,O,-Sa D liten P den durch 
Se Umkristallisieren aus Methat einigt. Die ersten Eluat raben 18 mg Nade m Schmp 
165—166,5 lie durch eine M mit dem Pik ?-Met! 4.5-diat rid dentifiziert 
den Frakt rab 20 mg Nadeln vom Schmp. 138-139", die durch eine 
: 
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(N°) 
Allo-2-oxohexahydrocinchonin wurde analog dem 2 -Oxohexahydrocinchonin benzoyliert. 


Nadeln aus Chloroform, Schmp. 253 255 


H,.O,N, Ber. ¢ 74,61 H 7, Gel 


Bromcvan-Abbau des Allo-2'-oxo-‘ wzovlh drocinchonins (N 
Bromcvyan-Spaltung Osur n9%.6¢ roform wurde eine Lésung von 
2.5 ¢ (1,02 Molaqu romecyan in m oroform zugefiigt und analog der Spaltung von (V) 
zur Einwirkung gebracht K iktior sung wu! ngeda id der Riickstand mit Methanol 
behandelt. Das hier isgeschiec crist isch dukt wurde abgesaugt und aus Methanol 
umkristallisiert 207 
O.N.Br Ber 
Gel 


Die Lésung von 2,1 ¢ (VI) iné m thane ioxan (1 wurde mit 220 mg Kaliumhydroxyd 
(1 Molaqutyv.) ut i anc\ versetzt u n is gescnutteil Die Wasserstoff- 
Aufnahme betrug ci n , m italy t ert iktionslOsung wul analog det 
Reduktion von iufgea Ipods as wurden erhalten, die analog mit Selen 


rhalten, die als 


del nd aku 
Pikrat n hmp. 138-13 t 3 bzw. 2-Methyl-4,5-diathyl- 


Lithiumaluminium- 
ingen waren, 

Ather das 

Die 

nd in 


aus Methanol 

Pil 


Die vom Pikrat befreite Base ( VII1) ist Sdp. 180-190 mm 


Dehvydrieren von mit Bleitetraacetat 

250 me (VIL) wurden in 3 iestiure gelést. auf 60° erwirmt und mit 800 mg Bleitetraacetat 
portionsweise unter Umschiutt versetz brot gefirbte Reaktionslésung wurde auf 100 cm* 
mit Wasser verdiinnt, mit Natriumcarbonat schwach ilkalisch gemacht und mit Chloroform 
ausgezogen. Die Chloroform-Lésung wurde nach dem Trocknen tiber Natriumsulfat durch eine 


kurze Al,O,-Saule filtriert, die adsorbierte quartare Base mit Methanol-Chloroform eluiert und das 


C, 74,30 H 7.857% 
: 
pyridin identifiziert wurden 
lherfihrune vor Vil in 3 Epidihydrocor ynanthean ( ) 
—— 1.1 @ (VID) wurden in einem Soxhlet-Apparat mit cine Lésung von 320 mg i 
hvdrid in 30 cn Te furan ex inic N eK 
lic Lésung noc kc ing unte Riick iss ¢ m wWassc 
iib ssive | j j vari ers und 
, Losur le | iber K ponal needamy i 
el LOsung "A Metl in Ch \L,0,-Saule chron itographisch 
ao. ‘ Stickstoff gefiillten Rohr 50S fl Die Reak mischung wu ach 
Zusa n Ather n Wass f Riicks d mit 30 Petrolather und j 
Cl I ) RR ASI 
rere B cs : 
C, Ber. C H5,71 N 15,69 
Gef. 59,06 H5,76 N 13,57 
; 
Sar 
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Eluat als Perchlorat unter einmaliger Behandlung mit aktiver Kohle aus Methanol-Wasser um- 
kristallisiert. 45 mg schwachgelbe Wiirfel (X) vom Schmp. 209-210”. 


ClO, Ber. C 60.16 H6.07 WN 7,39 % 
Gef. C 60,41 H5,93 N6,95% 
U.V.: Aimy (log e): 251 (4,34), 307 (4,17), 354 (4,21) 


(log 225 (4,13), 279 (3,59), 319 (3,78) 


Oxydation von VILL mit Merkuriacetat 
360 mg (VILL) wurden in 30 cm?® 5 proz. Essigsdure gelést, mit 1,42 g Merkuriacetat (4 Molaquiv.) 
versetzt und in einem mit Stickstoff gefiillten Rohr 3 Stunden lang auf 120° erhitzt. Nach dem Erkalten 


wurde das ausgeschiedene Merkuroacetat abfiltriert, das Filtrat mit Schwefelwasserstoff gesattigt, 


unter Zusatz von einer geringen Menge konz. Salzsdure auf dem Wasserbad erhitzt und das koagulierte 


Merkurisulfid abfiltriert Das schwachgelbe Filtrat ergab beim Zusatz von Natriumperchlorat- 


Lésung einen kristallinen Niederschlag, welcher abe igt und aus Methanol umkristallisiert wurde 
240 mg schwachgelbe Nadeln vom Zers. Pkt. 257—259° (XI) 
C,,H.;N.ClO, Ber. C 59,91 H6.62 N 7,36 
Gef. C 60,33 H5,76 WN 7,29 
mu (log 4.24) 4975 mu (lo 3.26) 


Reduktion von X\ mit Natriumborhydrid 
Der Lésung von 500 mg Natriumborhydrid (25 Molaquiv.) in 15 cm* Methanol wurden 210 mg 
(X1) zugesetzt und 3 Stunden lang auf dem Wasserbac ter Riickfluss erhitzt. Die Reakti nsl6sung 
wurde nach Zusatz einer geringen Menge Aceton ikuu ingedampft, der Riickstand mit 
Wasser versetzt hlorofor i1ufgenommen hloroform-Lésung 
Trocknen tiber Natriumsulf inged: r kristallir ti tand in At 
Ather-Lésung durch eine kurz | triert und da trat eingedat H ft. Der Riickstand 
ergab beim Umkrista ieren al ther—Petrolather oder aus thanol 120 mg Nadeln vom Schmp 
185.5-186 (X11). (2 
80.80 H 9.27 
Gef 27 H8,95 


Eine Mischprobe mit dem Dihydrocorynanthean vom m 186 schmolz bei 185,5—186 


Oxvydation 10 ynanthear 1X) 
100 ms 
Zugesetzt 


aceta 
abfiltriert und das Fi 


schwachgelbes Perchlor: 


N 6 
N 6.62 


367 mu (log 4.38) 


Reduktion von X11 mit Natriumborhydrid 


(XII1) wurde ganz analog wie beim (XI) mit Natriumborhydrid reduziert und Nadeln vom 
Schmp. 153—154° (aus Ather-Petrolather) erhalten. Eine Mischprobe mit (1X) schmolz bei 153-154 


2 
: 
: 
235 
Lee 
“ke 
Verkuriacetat 
t und 370 mg (4 Molaquiv.) Merkuriacetat 
hitzt, wobei die Abscheidung von Merkuro- 
Fe Minuten bemerkbar war. Nach dem Erkalten wurde das Merkuroacetat 
. at analog der Oxydation von (VIII) t Merkuriacetat aufgearbeitet 72 mg : 
vom Zers. Pkt. 256-258 (XII) wurden erhalten. 
C,,H,,ON,CIO, Ber. C 58,39 H 6,62 ‘ 
; Gef. C 58.50 H 6,09 
U.V.: 285 my (log 2,86) 
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A NOVEL UNAMBIGUOUS SYNTHESIS OF DL-AR-TURMERONE! 


Abstract 


a R. P. Ga P.\ nd S. M.M 7) : 
/ 
Phe erpenc 
| 7T tructure | i hy Ie n ic | niirmed by a 7 
ect a 1 Sil terme of the 
turatc he ria cumo vi as obtained as 
follows F 
‘ ‘ \ 
S M.M 24, 34 
*S. M. Muk R.P.G 1S. Wa Ind. Chem. S 34, 509 (1957) 
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Ethyl (II1) was obtained by Cope—Knoevenagel 


condensation of p-methyl acetophenone and ethyl cyanoacetate.®° The ester (IID 


was reduced catalytically in almost quantitative yield to ethyl «-cyano-f-methyl-/- 


(p-tolyl)-propionate (IV) which on hydrolysis gave -(p-tolyl)-butyric acid (V). 
Che acid chloride from V was treated with cadmium dimethyl reagent in benzene and 
refluxed," yielding #-methyl- -(p-tolyl)-ethylmethyl ketone (Curcumone VI), which 
was characterized as i emicarbazone derivati\ \ better and consistent yield (88 °/) 
(based on acid chloride) of etone as, | ever, obtained by using the method 
of Walker and Hauser.! | was carbethoxylated with sodium hydride i large excess 
of diethylcarbonate"™ 1 h -| -n )-( p yl)-valerate Che position 

‘ycarbonyl group it me y analogy,"* as well mixed melting 


4-dinitrophenylhydrazone derivates yl-5-( p-tolyl)-pentane-3- 


one (Via) derived in ty 


VII wa talized with ethvlene ol to obta keto-($-dioxolane)-6- 


methyl-0 


IX reacted with methyl magnesium iodide givi e carbinol he ketal-alcohol 
(X) was then subjected to acid hydrolysis and su quently distilled in the presence of 


trace of iodine to obtain pDL-ar-turn e unsaturated ketone gave a semi- 


carbazone. 


J. Cason and 
1H. G. Walke 
B LaForge 
4 Y. Chen and W. F. Barthe 


| 
| 
ways as indicated in the following scheme: 
‘a 
= 
H 
|x x OH 
May 
A. C. Cope, C. M. Hofman. Wrvyckoff and H j 1 Che Soc. 63, 3452 (1941) 
ou, E. J. C.M » and J. M. Sprague, J. Org. Chem. 15, 381 (1950) 
i 1s j {mer. Cher ¢ 68. 1386 (1946) 
ywway, J. Amer. Che 69, 2 1947) 
75 7 (1953 
i oo , J. Amer. Chem. Soc. 75, 4287 (1953) 


R. P. O. P. Via dS. M. 


EXPERIMENTAL* 
Ethyl 


m acetate 
n and Stark 
extracted 


b p 160 


cohol 

ite ethanol 
of Walker 
an 

acyl 

xed with 
KOH (20°) 


vielded ¢ 


imple obtained in (a), 144-145 


er and Strauss, Oxtord 
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4 q 
thy! “onhenone (134 ethyl cvano te (113 2), ammor 
(a) A mixture of p-methyl-acetophenonc ( g), ethyl « oaccetate mn 
— 
: 170 10 nd: C, 7 H. 675. rec ( +34; H, &59",) 
Ove \ " + Re All Vas 
| £16 ¢ ol state had been added. Heating 
was ed for seve fic n of the ily As in (a) 80 (70°,) of Ul 
is of 
(a) 7 dene ester (II, 208 nd acetic acid (2-3 ml) 
with 100 n product — 
(45 bys 60 ( 270: H C,,H,.O.N res ( 
H 
Pd-stror m carbonate (10°) was 
— 
Met! ketone (V1 
wr G M So me odid ind 
refluxed for 3-4 br. | 100 The acid chloride (44 g) 
f rhe ere decomposed with 
a dil ice~ H.SO er extract free of ac ed. The |} ¢ (VI) 29-5 2, 75°% was 
0/12 The fter cr) on fron 
melt i: N 5 ( for N, 18-01 
b) | prepared fro etal (2°68 2), ab 
(13 dic ng to the proces 
and H Phe acid « e (19 s added d d the contents t 
add Nit reac xture was decompose: h dil H.SO 
malonic este e ether cle olvent eval The residue was 
f (20 nd conc H,SO, (5 mil) for 5 hr 
a mux octic ite . 

was added rm na © duct extracted with cthec which on distillation 
The semicarbazone m.p. and mixed m.p. with the 
Melting and boiling ts are uncorrected. Microanalyses by Drs. Wcil 
ae 


Terpenoids Vi 


Ethyl p-tolyl)-valerate (VII) 


VI (16:3 g) was added with stirring to a refluxing mixture of sodium hydride (4-8 g), anhydrous 
ether (500 ml) and diethy! 


carbonate (23-62). After the addition the contents were stirred and 


refluxed for anothe hr and the mixture decomposed with cold dilute acetic acid and extracted with 


ether The ethereal sol 


l once with water, then with 5 sodium bicarbonate solution 


until free of acid, and finally with water and dried. After the removal of ether. the residual! heavy oil 
lied under reduced pri i The fraction distilling at 190—-193°/10 mm 


was collected: 


alcoholic ferric chloride solution. (Found: 
equires 2%) 


VIL) 


VII (5 was; in dry t-butyl! alcohol (50 ml) 
and the 1 ctul le in coloured inge) rhereafter, 
it was udide (4 g) was introduced and 


the n tur ced it wa | W iter was aded to dissolve 


potassi 


the d 1 ethereal solution (4 g, 


C, 72:8; 


homo-curcumone) (Vla) 


(a) The reaction of chlor 
prepa ed 
(11 g) in 
st 


St 


Grignard reagent was p1 ired from n ¥Y magnesium t 


vl iodide 


(11 g) in dry ether (100 ml) his Ter tal-ester (1X, | 


nder ice-cooling 
The contents were allowed to stand ov ight at ro temp and then refluxed for an hour. After 


cooling react mixtu np 1 with saturat nonium chloride solution. On 
subsequent working up colourless viscous oi! yield, 


g 
(76%,), b.p. 222-225°/10 mm. (Found 3-5: ‘ requires H, 9-41 °%%) 


The /-keto-ester gave a 
( 2:20; H, 7-85. C,,H.,O0, 
¥ 
5%.) of the oily methyl-keto-ester (VIII) distilling at 170-175°/4 mm was obtained. (Found: 
H, 8:5. C,,H,.O, requires: ¢ 3-25; H, 845%) 
oo. le th cadmium diethyl. Cadmium diethyl reagent was 
ee an ed by benzene (75 ml) and to t fluxing mixture. with 
7 aa nhyd s benzene (25 ) was added d ng 15 min and 
guirring and refluxing continued for another 20 n H curcul J | 125 /5-61 m 
— was obtained Ce ( Found: C, 82-42; H, 9-63. C,,H,.O requires: C, 82-06; H,9-54°%) 
The 2:4-dinitrop of Vila deposited as ow needle hic Iter two 
crysta or ire e-methano mix cite it 113-114 (Found N, 15-7 
C,,H..O,N, requires: N, 15-2°.) 
: (b) The hydroly f(VIIl). The keto-ester (VIII, 3 g) luxed th a mix e of conc H,SO, 
of alk dried and ) ted le ne (VI ) 
The 2:4 nac essc or a th the sar ple of 
4-din pneny\ me ne i} 
Ethyl ()-keto (AX) 
The keto-ester (VII, 10 ylene li4e ene-suly nic ac 0-1 g) and anhydrous 
benzen 100 mil) ef] 20 ) CT lor ¢ After 
ethe I yielded (9-25 Ss SCOUS b.p. 218-220°/12 mm (Found 
C, 69-5; H, 8-3. C,-H,,0, require C’, 68-83 27 °%) 
urnings (1-8 ¢), and met 
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24) 


This situation is difficult to investigate experimentally in the 


contain all of the label 
readily available substances methylgeraniolene (obtained by reductive fission of 


mycelianamide*) and squalene, biosynthesized from (2-"C)-mevalonic lactone, be- 


cause of the difficulty of 
Asymmetry of labelling would be expected to persist in enzymatically cyclized products 


hing chemically between these two methyl groups. 


distinguis! 


of such a chain, provided that the reactions are concerted and do not involve “free” 


cations. Questions covering distribution of label and the concerted mechanism of 


cyclization can be settled simultaneously by examining cyclic mould metabolites in 


which the relevant carbon atoms are chemically distinguishable. 


ont 
ay 
3 
~ 
w 
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a = HCH.OH 
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Two suitable substances are known: rosenonolactone, structurally probably V,°* 
and gibberellic acid (VI) the structure of which has been elucidated through the 
notable work of Grove, and his colleagues.® 

Biosynthetically, rosenonolactone appears to be a diterpene which has suffered 
migration of a methyl group from the 12- to the 13-position. A route can be formu- 
lated as in the sequence (VII) —» (VIII) —> (Va) in line with current ideas on terpene 


10+ 


cyclizations No information is available as to the exact stages when the oxidations 
occur. 

[he metabolite was produced in cultures containing either CH,"CO,H or [2-"C]- 
mevalonic lactone, the incorporation of radioactivity being 4 per cent in each case. 
The labelled material was degraded by methods chiefly developed in the earlier 
structure work.® The results are summarized in Schemes A and B on p. 244. The 
expected labelling patterns from Me™CO,H and [2-"C]-mevalonic lactone are Vb 
and Va respectively (C* MC). The numbers of active carbon atoms shown for 
each degradation product are calculated from the radioactive assay data on the 
assumption that there are eight equally labelled carbon atoms in the rosenonolactone 
derived from Me™CO,H and four when [2-"C]-mevalonic lactone is the source. It 
will be seen that the results are in quantitative agreement with the expected distribu- 
tions. Furthermore the derivation of the l-Me group but not the l-carbonyl group 
from the 2-position of mevalonic lactone confirms that the acyclic precursor must 
have the gem-dimethyl group unsymmetrically labelled and that the cyclization to the 
first two rings is a concerted one. Since the molar acti\ ty of ketone (XIII) is calcu- 
lated on a formula C,,H,,O the migration of the Me-group from the 12- to the 


| 3-position is confirmed 

Work on gibberellic acid was pursued simultaneously. Inspection of the structure 
VI indicated a possible biosynthesis by a variant of the resin-acid process involving, 
besides oxidation, a number of additional steps for which there are biochemical or 
laboratory analogies. These in 


the 12-position; (b) formation of a phyllocladene-type bridged ring system from ring 


C and its substituents, and (c) ring contraction of ring B with extrusion of a carbon 


atom and formation of a cyclopen carboxylic acid unit. Step (a) would be 
analogous to the loss of the angular group attached to the 14-position in the lano- 
sterol-cholesterol conversion;'' step (b) has a laboratory analogy in the acid- 
catalysed transformation of rimuene to phyllocladene** and, in view of the occurrence 
of diterpenes with oxygen substituents in the 9- o1 10-positions or both (e.g. rosenono- 
lactone, rosololactone’ which occur together, and xanthopherol™) there is no 
difficulty in accepting the possibility that step (c) proceeds through a 9:10-dioxygenated 
derivative. A number of base-catalysed rearrangements for the change are available 
including: (i) a benzil-benzilic acid type of transformation of a 1:2-diketone leading 
to a I-hydroxycyclopentane carboxylic acid; (ii) a Faworski-type rearrangement of 
{ 


See below for a discussion of the stereoche stry 


* A. Harris, A. Robertson and ley, . ” 179 and earlier papers 
*B. E. Cross, J. F. Grove, | i ind and N. Sheppard, P? Chem. Soc. 221 
(1958); T. P. C. Mulholland, hen c. 2693 (19 ind earlier papers 
1° For a recent review see L. Ruzicka tivesir ganic Chemistry (Edited by Todd) p. 265. Interscience, 
New York (1957) 
'! For a review see K. Bloch, Vitamins and Hormones Vol 15, p. 119. Academic Press, New York (1957). 
'? L. H. Briggs, B. F. Cain and J. K. Wilmshurst, Chem. & Ind. 599 (1958) 
'’ A. Harris, A. Robertson and W. B. Whalley, J. Chem. Soc. 370 (1958) 
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an esterified 2-hydroxyketone leading directly to a cyclopentane carboxylic acid, and 
(iii) a rearrangement of a diesterified diequatorial cyclohexane-| 2-diol of a type 
observed to convert an Il-acetoxy (or tosyloxy)-12-tosyloxy (or acetoxy-) steroid 
into a C norsteroid,” from which a cyclopentane aldehyde would result 

We have been able to confirm the general accuracy of our view of the biosynthesis 
and to obtain information on the rearrangements involved by degrading gibberellic 
acid obtained from growth media containing either CH,"CO,H or (2-“C)-mevalonic 
lactone. The incorporation of radioactivity was much higher with the latter substrate 
(2°, compared with 02°). The degradation methods were essentially those used in 
the structure determination The results are expressed as for roscnonolactone in 
Schemes C and D on p. 245 

The degradations are in quantitative agreement with the formation of gibberellic 
acid from 4 molecules of mevalonic lactone or 12 molecules of acetic acid. Reference 
to the predicted labelling patterns XVa and XVb in the diterpene presursor shows 
clearly that the lactone carbonyl carbon atom ts derived specifically from the 3'- 
position of mevalonic lactone and that the carboxylic carbon of gibberellic acid 
arises specifically from the 9-position in the cyclic precursor 

The degradations also illuminate the mechanism of formation of the bridged-ring 
system, a problem discussed already by Wenkert"® on theoretical grounds in the case 
of the analogous phyllocladene system A likely mechanism, as shown in the sequence 
(XXII) —> (XXIID.* is attack of a carbonium ion at the |14-position on the 18:19- 
double bond of an axial vinyl group (quasi-axial in the non-protonated precursor) 
The overall result invols iigration of C,,, from C,,, to C,,.). ie. the original Me 


eroup (becoming —-CH, in the final product) remains attached to a labelled carbon 


atom if Me*CO.,H is the pre In fact. the Kuhn—Roth oxidation on tetrahydro- 
$s attachment An alternative. but theoretically much 


i firms this att it 
own in XXIV —+ XXV involves migration of the Me to the C,,, 
d out by this evidence. In phyllocladene biosynthesis 
roduced by protonation of the 8:14-double bond in a 
or it could lt as in gibberellic acid from a cationoid 

own in VIl—» XXVI-—> XXVII 
10 attempt can be made at this stage to indicate the 
e sequence. In order to explain the presence ol the 
ad it is tempting to postulate an incompletely con- 
certed reaction with int liate production of a ketone of type XXVIII rearranging 
to XXIX There at present no evidence to distinguish such a scheme from 
the alternative involving the transformation XXII —> XXIII followed by hydroxy- 

lation 

I he reaction sequence XXX > XXXI is the “obvious” one!’ for the change 
gibberellic acid into gibberic acid (so far as this part of the molecule is concerned), 
the reaction being initiated by protonation of the =-CH,. Using gibberellic acid 


derived fiom Me™CO,H this conversion would give gibberic acid in which both Me 


terpene skeletons having the C,.-methy! 


ndler, Chem. & Ind. 91 (1954) 
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groups would remain attached to labelled carbon atoms act At Roth oxida- 
tion gave acetic acid with approximately one half of the expe Chis result 
could indicate that the gibberellic—gibberic ¢ ansformation involy gration of 
the methylene carbon atom (presumably as a methyl group) to an inactive carbon 


atom. This could possibly occur as a consequence of preliminary hydration of the 


1. MacM & Ind. 954 (1956) 
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methylene double bond followed by a pinacol-pinacolone rearrangement XXXII —> 
XXXIII, but this sequence, which implies an intermediate having a carbonium ton 
centre at the bridgehead position, appears mechanistically improbable. Elucidation 
of the stereochemical interrelationship between the two acids should settle this point 

The above verification of the terpenoid character of rosenonolactone and gibberel- 
lic acid permits a number of reasonable speculations on the stereochemistry of each 


metabolite. Infra-red evidence indicates that the lactone carbonyl groups in both 


substances form part of an unstrained five-membered ring which accordingly must be 


attached diaxially to the ring system. These groups have been shown to be derived 


specifically from the 3’-position in mevalonic lactone thus providing circumstantial 


evidence that the initial diterpene cyclisation is stereochemically similar in both 


biosyntheses. Enzymic cyclisation of acyclic terpenes is known of believed to give 
the frans-anti-arrangement of the asymmetric centres at the I1-, 12- and | 3-positions 


es* (and in analogous positions in triterpenes) and it is reasonable to 


in diterpen 
presume a similar stereochemistry in the precursors of rosenonolactone and gibberellic 
acid. In the first case the incorporation of an axial carbon substituent in the I- 
position into the bridged lactone ring is most simply interpreted as occurring through 
a concerted reaction involving migration of the methyl group from the 12- to the 
13 pos tion as already showr above in Vil and VIII It would therefore be predicted 
that the stereochemistry of ros ynolactone is represented by Va or a diastereo- 
isomeric structure, provided that later epimerisation at the 14-position (which would 
be permitted by the adjacent carbonyl group) does not occur. Evidence’* confirming 
the st chemical assignment Va was obtained later. In the case of gibberellic acid 
the rearrangement for formation of rings C and D which we have demonstrated above 
defines the stereochemical interrelationships at the 7-, 13- and 1[4-positions in the 
diterpene precursor and the stereo-chemistry which would be predicted depends on 


whether the methyl group attached to the 12-position is oxidized in situ or after a 


migration reaction. In the first case oxidative removal of the methyl group at the 
-position would not be expected to disturb the stereochemistry (cf. lanosterol 


oxidation) and. taking into account the fact that the hydroxyl in ring A ts axial, 


Me 


Me 


XXXVI XXXVIII 


* But see E. Wenkert and J. W. Chamberlain, J. Amer. Chem. Soc. 81, 688 (1959). 
* B. Green, A. Harris, W. B. Whalley and H. Smith, Chem. & Ind. 1369 (1958) 
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gibberellic acid is defined as XXXIV.* The presence of the double bond in ring A 
suggests the additional possibility that the methyl group is removed from the 13- 
position after a migration of the type shown in XXXV and XXXVI. This would 
involve an inversion at this position and gibberellic acid would then be represented 
by XXXVII.* It has been suggested!® that cafestol possesses the structure and abso- 
lute configuration XXXVIII (Opposite stereochemical series to cholesterol). It is of 
interest that this structure is consistent with a biosynthesis paralleling the early 


stages of gibberellic acid synthesis demonstrated here. 


EXPERIMENTAI 


General directions are as for Part XIX—Relative molar activities (r.m.a.’s) (a) and (b) refer to 


labelled metabolites and corresponding devgradatior p oducts derived from Me ‘CO Na and (2- ‘C)- 


mevalonic lactone respectively rheoretical numbers of abelled carbon atoms and r.m.a.’s refer 


to 
the appropriate postulated distributions of rac wactivity De gradation methods for rosenonolactone 
and gibberellic acid are these of the earlier structural work; only modifications are described in 
detail. M.p.s. were measured on the Kofler bloch and are uncorrected. | ight petroleum means the 


fraction b p. 40-60 


Rosenonolactone 


(a) Trichothecium roseum Link was grown as previously described After 4 weeks aqueous 
Me'™'CO.Na (0:25 mc) was distributed between 4 flasks each containing 750 cc of mediun fter 
further 2 weeks Me™CO,Na (0:25 mc) was added I arly and growth was allowed to proceed for 
a total of 8 weeks Ihe mycelium was hat ested in the usual way to give, from benzene light 
petroleum, rosololactone (0-25 g) n p. 184-186 (Found: r.m.a 10-*, 261) and in pure rosenono- 
lactone (1:54 g), an aliquot of which was purified (Found: r.m.a 10°-*, 195). The remainder 
il 0 ¢) was combined wit! pure unlabelled lactone (¢ ¢) and labelled lactone obtained by Carrier 
extraction of the previously removed fat fraction with 1 ¢ t Delled lactone (3 0-9 g). Recrystal 
lization from ethanol gave rosenonolactone n p 212-214 (20 we: 4°). (Found: r.m.a 10-*, 
25-4) 

(b) (2-“C) Mevalonic lactone (0-2 mc) was incorporated into the culture medium as for Me"CO.Na., 
giving rosenonolactone we; 4°). (Found: r.m.a 9-85) 


Ozonolysis of (*C) rosenonolacton 


The lactone (350 mg) was ozonized in acetic acid (40 cc) at room temp. One seventh of the solution 


was stirred with zinc dust (150 ng) and water (0°5 cc) for 3 hr Steam distillatior gave formaldehyde 
obtained as the 2,4 dinitrophenylhydrazone m.p. (from aqueous ethanol) 167-169 (Found 
r.m.a 10-*, (a) 3-13; (b) 0.1 C requires (a) 3-18; (b) 2-46). 30°, Hydrogen peroxide (3 cc) was 
added to the remaining ozonolysis solution. After 20 hr excess reagent was decomposed catalytically 
with palladized charcoal, water was added and the prod ct was collected with ethe The portion 
which was soluble in aqueous sodium carbonate gave, after recrystallization from aqueous ethanol 
the acid (X) (172 mg) m.p. 258-260". (Found: r.m.a 10-*, (a) 21-8: (b) 9-65 7*C, 4*C require 


respectively (a) 22:3; (b) 9-85) 


Decarboxylation of (*C) rosenonolactone 


(i) The lactone (64 mg) and naphthalene-2-sulphonic acid (20 mg) were maintained at 160° for 
10 min (vigorous gas evolution) in a stream of nitrogen. The effluent carbon dioxide was collected 
as barium carbonate (37 mg, 0-92 mole). (Found: r.m.a 10-*, (a) O: (b) O11. 1*C requires 
(a) 3-18; (b) 2-46). The neutral fraction of the residual oil had a single vy max at 1660 cm™ in the 
C—O stretching region 

(ii) Isoros-11,12-en-16-oic acid (100 mg) was heated at 250° for | hr in a stream of nitrogen 
The carbon dioxide was collected as barium carbonate (46 mg, 0-70 mole). (Found: r.m.a. 10-*, 


* Or the enantiomer 
'* M. Cais, C. Djerassi and L. A. Mitscher, J. Amer. Chem. Soc. 80, 247 (1958). 
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(a) 0: (b) 0-10. 1*C requires respectively (a) 3-18: (b) 2-46). The neutral residue had no carbony! 


or hydroxyl absorption in the infra-red 


(“C)-Rosoic acid 
Dihvdrorosenonolactone (200 mg) was refluxed in 0-5 N ethanolic sodium hydroxide (3 cc) for 
30 min. The ethanol was removed under reduced pressure, the volume was made up to 20 cc with 
water and potassium permanganate (200 mg), sodium carbonate (200 mg) was added portionwise 
w the solution was acidified and decolorized with sodium 


with stirring over 4 hr. After a further 2 |! 
ecrvstallization 


suipnite and the product was collected with ether The acidic fraction gave, after 
from ethyl acetate—light petroleum, rosoic acid (X1) (170 mg) m.p. 228-230 


Rosoic acid on retroal ga ketone (XID) as an oil assayed as the semicarbazone 
n (a) 12-3: (b) 2°42. 4°¢ 1*C require 


(fron n.a 

vcid (X11) m ym ethyl acetate) 205 . (Found: r.m.a 

12:7 (b) 7°38) Kul Roth oxidation ol 
ts) obtained as the 


BaCO ( ind m.a 1) 0-42: (b) 0-05 
(b) O) 


ind BaCo, 
cid (X11) 


pective 


legraded to 


BaCO, (Me). (f 46) and BaCO 


COW) (Found ri 
us sodium Nypolo- 


(a) O 


zed tron 


(Found 


oibberellic 


requires 


acid (0-62, 0°64 


fa) OU) and Bal (COW) 


obtained as p-bromop! enacy lace 


14 


lixode-free palladium charcoa! 
d 10 (a) 
carbonate (107 mg, 0:70 mole) 


) (b) 27-3) 
ovibberic acid (XVII) (1-14 g) m.p 200-203 


C require respectively (a) 55°¢ (b) 109). allo- 
temp i | tic acid () CC) Water (2 cc) Was added 
st (400 mg) for 2 hr. Steam distillation gave formaldehyde 


(60 mg; 0°66 mole) m.p 167-168 . (Found: r.m.a 10 


x 

m.f 

esp 

thium salt which was degraded I 
: 1*C requires (a) 3:18; (D0) 

A 
dite gave iodoform converted in the usual manner to BaCO, (Found na 

Concentrated sulphuric acid (1 cc) was added to the above Ketoucis (34 mg) and sodium azide 

ar am (75 mg) in benzene (3 cx stream of nitrogen. The effluent carbon dioxide was cted as BaCO Be.) os 
(3 0-85 mole). (Four 10-*. (a) 2-54: 1*C requires (a) 3:18) 

Au was cullurea if i medium ) contamime giucose and ammonium : 

te. am f Me™CO.Na (0°5 mc) ided when the icose Was almost exhausted 
q 

The hel here cid (0-54 @) ymibu with p d (6 am stall: 
nN 

(bh) (2-"'C) Mevalonic lactone (0-2 mc) was incorporated for Me“CO.Na giving 

cid (4-8 we; 24%). (Foun m.i 10-*, 109) 

3 
J 

a) 4) Gibberellic acid (300 mg) was converted to gibberic acid (XVI) (230 mg) m.p. 157-159 * 

(Found: r.m.a 10 (a) 37°38 b) 10¢ 4*C require respectively (a) 58-8; (b) 109) and 

ba carbonate (146 n O-s5 ole). (Found rn 10 (a) 

ole), deeraded further to BaCO, (Me). (Found: < 10°, 
tate Mm.p 56 (Fo 10 (a) 4-4 es (a) = 
cn 220 me) on dehydrogenatio carbon 

was converted bberone 00 (XIX) my 120-123 

(b) 79-6. 8*C, 3°C ree e respectively (a) 58-8; (b) 82-0), and b 

(iii) Gibberellic acid (2-2 Was conve 

(Found rn 10 67.2 (bh) 

ee or and the solution was stirrea wit inc d ree 

obtained as the 2,.4-dinitropher vdrazo1 
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(a) 0; (b) 0-29. 1°*C requires (a) 7°35; (b) 27:3). The product obtained by extraction of the 
e the ketol (XVIII) 


(70 mg) m.p. 255-258" (decomp). (Found: r.m.a 10-*, (a) 59-9; (b) 110. 8*C, 4*C require 


residue with ether was recrystallized from ethyl acetate-light petroleum to g 


respectively (a) 58-8; (b) 109), 
Kuhn-Roth oxidation of the ketol (XVIII) gave acetic acid (0-43, 0-50 mole) degraded to BaCO, 


(Me). (Found: r.m.a 10°*, (a) 0: (b) 26°4. 1*C requires respectively (a) 7:35; ( 27:3) and 
BaCO, (CO,H). (Found: r.m.a 10°*, (a) 7-05; (b) 0) 


(Iv) Impure gibberic acid (0°67 g) was dehydrogenated with selenium gibberene 


th pota n permanganate (900 


(1,7-dimethylfluorene) (0°27 g) in acetone (20 cc) was oxidized wi 
mg) for 5 hr to yield gibberenone (1,7-dimethylfluorenone) (XXI) (180 mg) m.p. 7 Found 
r.m.a 10~*, (a) 51-5; (b) 7*C, 3*C require respectively (a) 5 


(v) Sodium gibberellate (from the acid. 303 mg) in water (5 cc) *s catalyst 


(from PtO,, 80 mg) under hydrogen. Uptake of hydrogen 20 min 
Evaporation g alt of the acid (XX) which was oxidized b procedure 
to acetic acid (1°04 mole) 


(a) 0) and BaCO, (CO.,H). (Found 
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rHE OCCURRENCE OF PROTOCATECHUIC ACID AND ITS 
4-0--p-GLUCOSIDE IN BLATTA AND PERIPLANETA 


P. W. Kent and P. C. J. BRUNET 


-glucoside of proto 
Nel Spect SCOPy 


synthesized trom 


matic glucosides participating in animal 


THERE are few 

metabolic proc er, tw slucosidic pigments have been des- 
cribed. Hollande’ showed that t glucosK gment was present in the fat 
hod\ iu arva of the ( IC WIUS and own et al.* have shown that protoa- 


rit 


rlucosides. In addition, aromatic 


phins, found 
! e bec letected” ransient metabolites. being the form in which 


elucosides 


phenols are a 


previous publication,’ evidence was presented 


for the existen protocatechuic acid in the colleterial or sexual 


accesso! and Periplane fa americana (1 


Both these : lay egg 1 batches of 16 surrounded by a hard brown capsule, 


known as tl otheca, the wal which are composed of a guinone-tanned protein, 


sclerotu his material, which ts ol widespread occurrence, particularly in the 


f invertebrates, was shown by Pryor’ to be a protein hardened by an 


xoskeletons 


guinonoid substance Subsequently, Pryor ef isolated nrotocatechuic acid, 


the presumed precursor of the quinone, from extracts o! cockroach oothecae. The 


oothecal wall fluid contents are derived from secretions of the two colleterial 


glands. The larger left gland contains an abundance of a white, sticky, proteinaceous 
material: to the small right gland was ascribed® the function of secreting proto- 
catechuic acid vor also showed that when isolated tissue of the left gland was 
incubated with that of the right gland, the contents of the lumen of the forme! 
hecame brittle. brown. and insoluble in dilute mineral acids thus resembling sclerotin 
A similar phenomenon was observed® when the left gland was incubated with synthetic 
protocatechuic acid. The presence of this acid in the oothecal fluid has now been 
confirmed and in addition the fluid is found to contain glucose. However, chromato- 
graphic analysis of aqueous or ethanolic extracts of either left or right colleterial 


failed to reveal the presence of the free acid.!| When extracts of the left gland 


1A. C. Hollande ‘ vp. gen. (Notes et Revues), 51, 53 (1' 

B. R. Brown, 7 land ohnson, 8S. F. MacDonald and odd hem. Sec. 4925 (1952) 
C. M. Myers and mit hem. J. 56, 498 (1954) 
‘Pp C.J. Brunet and P nt. P ’ Ss B 144, 259 (1955) 

M.G. M. Prvor 378 (1940) 
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(in contrast to the right gland) were hydrolysed with dilute sulphuric acid, the 
protocatechuic acid and glucose could be readily detected. Further investigation 
showed that these two substances could be also obtained by the action of yeast 
p-glucosidase on extracts of the left gland. We have now synthesized the 4-O-/-p- 
glucoside of protocatechuic acid and have shown its presence in the left gland of both 


species of cockroach, 


DISCUSSION 


The finding of substantial amounts of protocatechuic acid in the oothecal fluid of 
Blatta and Periplaneta and in other sclerotized parts of the animals raises the question 
of its biochemical role, and the form in which such a reactive compound can be 
stored in the body. It is clear from Pryor’s results® that a source of this very reactive 
acid is located in the colleterial glands, but the present investigation has shown that 
the free acid is not detectable in either right or left colleterial gland. However, when 


the secretion of the left gland was treated with yeast f-glucosidase. or was subjected 


to acidic hydrolysis, then the free acid together with D-glucose was found, indicating 


that the left colleterial gland probably secreted a f-D-glucoside of the acid. The 
finding that this glucoside, obtained chromatographically from aqueous ethanolic 
extracts of the left gland was laevorotatory, supported this view 

On the other hand no such substance was present in the right colleterial gland, 
the secretion of which was found actively to cleave added /-glucosides such as salicin 
or cellobiose, as well as the glucoside of the left gland. This gland was evidently 
implicated in the formation of free protocatechuic acid 

The chemical structure of the glucoside of the left gland was then further investi- 
gated. Since the glucoside is not readily oxidized in air under alkaline conditions. 


and gives tests only for monophenols and not for diphenols, it is evident that the 
glucose moiety is attached to the hydroxy! group at C-3 or C-4. The location of the 
glucosidic linkage at C-4 has been established by definitive chemical synthesis. and 
by ultra-violet spectroscopic examination 

The 4-O-p-p-glucoside or protocatechuic acid was synthesized by conventional 
methods as follows. 3-O-Acetylprotocatechuic acid, prepared by the method of 
Lesser and Gad,’ provided a protected starting material. This substance had a strong 
absorption peak at A 251 my (in ethanol), resembling that of vanillic acid (Ama, 260m) 
and p-hydroxybenzoic acid (Amax 251 my). The acetyl-derivative was cou 
2:3:4:6-tetra-O-acetyl-D-glucosyl-«-bromide in the presence of quinoline 
oxide.* This method gave yields markedly superior to several others investigé 

Yields were still further improved by starting with 3-O-benzoylprotocatechuic ac 
and proceeding by an analogous series of reactions. The acetylated glucoside was a 
crystalline solid ({x],,'-49°), which on deacetylation gave a crystalline product. This 
had an identical R, value with the naturally-occurring glucoside, and it was hydrolysed 
by yeast, and right gland /-glucosidase. In water, the synthetic material had an 
ultra-violet spectrum identical with the natural product. Further evidence in favour 


of the 4-O-substituent was obtained by examination of ultra-violet spectra in ethanol, 


R. Lesser and G. Gad, Ber. Dtsch. Chem. Ges. 59, 233 (1925) 
* A. Robertson and R. B. Waters, /. Chem. Soc. 2729 (1930) 

'T. H. Bembry and G. Powe 1. Amer. Chem. Soc. 64, 2419 (1942) 
'*B. Helferich and W. Reischel, Liehbigs Ann 278 (1938) 


= 
| 
, 
2 
: 
Pie 


254 P. W. Kent and P. C. J. BRUNET 


in M/50 and in M/500 sodium ethoxide. The changes of Amin and Amax in these 


conditions agree with figures for known" substituted hydroxybenzoic acids (Table 1). 


Glvcosidation or methylation of an hydroxyl group in general induces little change 


im position ol A (usually a slight hypsochromic shift) 
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N-HC1 (10 vols) mixed with 1°, (w/v) sodium nitrite (1 vol) (v) Dihydroxyphenols and other reducing 


substances were also detected with 5°, (w/v) silver nitrate to which 0-88 ammonia solution was 
added to redissolve the initial precipitate 


Periplaneta americana and Blatta orientalis were cultured at 25°. Colleterial glands were dissected 


under saline from mature adults killed by decapitation. Oothecae were collected at weekly intervals 


from flower pots filled with moist sand which proved to attract ovipositing females 
Yeast [-glucosidase was supplied by L. Light & Co. Ltd., Colnbrook, Bucks 
Microanalyses were performed by Dr. A. Bernhardt of Mulheim, Ruhr 


Examination of oothecal fluid 


Oothecae were carefully punctured and squeezed in a small screw device so as to express the 
fluid contained in the spac \ n vs and t wall From 1000 oothecae, 12-8 ml fluid were 
collected. This had your } ntau ; wi lved matter; the pH value was 
5-6. It gave immediat OSILIN iomaftine and r nitrate  o-dihydroxyphenols and 
a strong ultri olet light absorption at 253 n f togray umination of the fluid revealed 
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Examination of right gland extracts. 10 mg right gland tissue was homogenized in chilled appara- 


tus with O-1 mi of water and the extract was centrifuged at 2000 r.p.m. for 5 min. The supernatant 
was uba with O-Ol M-salicir | the disappearance of the substrate 


was fi wed | thdrawal of specimens of the mixtu ntervals. Complete hydrolysis of the 


substrate into glucose and sali un was observed within 
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Abstract—From the trunk bark of Xanthoxylum rhetsa DC.., lupeol and four alkaloids, namely, 


chelerythrine, rhetine, rhetsine and rhetsinine have been isolated. The constitution of rhetsinine 


and rhetsine have been established; the former is a new indolequinazoline base, the latter being 


its desoxy derivative 


lHe chemical investigation of Xanthoxylum rhetsa DC. (Syn. with X. budrunga Wall; 
Fam. Rutaceae) has been undertaken and from the trunk bark of this species four 
alkaloids viz., rhetsine, C,,H,,;N,O (yield 0-03",), m.p. 271 
H,;N,0, (0-05",), m.p. 192° (dec), rhetine (0-01°%,), m.p. 254° and chelerythrine 
C,,H,,NO, (0-014",), m.p. 210°, have been isolated in addition to lupeol! (0-7 °%,). 


Rhetsine and rhetsinine are indolequinazoline alkaloids which have been observed 


(dec), rhetsinine, C, 


so far only in Evodia rutaecarpa.* The chemistry of rhetsine and rhetsinine is described 
in the present communication 

Rhetsinine has the molecular formula, C,,H,;N,O, and is a monoacidic tertiary 
base forming a monomethiodide and only one series of salts with hydrochloric, nitric 
and picric acids. Rhetsinine yielded a crystalline chloroplatinate. Both the base and 
its hydrochloride were optically inactive. It contained one iminomethyl and at least 
one active hydrogen but lacked in methoxyl, methylenedioxy, sidemethyl and carbonyl 
groups (as indicated from its indifferent behaviour towards carbonyl reagents). 
Catalytic reduction of rhetsinine furnished a new colourless compound, deoxy- 
rhetsinine, C,,H,;N,O, m.p. 271° (dec) which was also obtained from the parent 
base during its reduction with sodiumborohydride. I.R. spectrum of deoxyrhetsinine 
lacked the peak absorption for hydroxyl at 2-9 but retained all other absorption 
bands discernible in the infra-red spectrum of the original base. These data eventually 
proved that rhetsinine is a carbinolamine compound. This is in consonance with 
the analyses of its salts, the latter being formed from the base with a loss of one 
molecule of water. 

Alkaline hydrolysis (30 per cent alcoholic potassium hydroxide) degraded the 
alkaloid to N-methylanthranilic acid, CgH,NO, (1) and a base, C,,HjN,O. The 
base was dihydropyrid-[3,4-b]-indole-1(2)one* (II) was settled by the fact that upon 
dehydrogenation with palladium black it produced pyrid-[3,4-b]-indole-1(2)-one* (IIa). 
Upon fusion with alkali rhetsinine decomposed into indole-2-acid (IIb) and pyrid- 
[3,4-b]-indole-1(2)-one (Ila) besides several indolaceous fragments which are under 
* Part lin Xanthoxylum series. 
+ This paper is dedicated to Professor P. Karrer on the occasion of his 70th Birthday Celebrations 


! A. Chatterjee and C. Ghosh, Jnd. Sci. Congress 44th Proc. Part III, p. 124 
*T. A. Henry: The Plant Alkaloids (4th Ed.) p. 498. Blackiston, Philadelphia and Toronto (1949). 
7 R. H. F. Manske and R. Robinson, J. Chem. Soc. 240 (1927) 

* E. Schlittler, H. U. Huber, F. E. Bader and H. Zahnd, Helv. Chim. Acta 37, 1912 (1954). 
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characterization. Isolation of N-methylanthranilic acid and dihydropyrid [3,4-b}- 
indole-1(2)-one from alkali hydrolysates of the base and indole-2-acid and pyrid 
[3,4-b]-indole-1(2)-one from alkali fusion products established the following indole- 
quinazoline structure 11 for rhetsinine and IV for deoxyrhetsinine 

From the elementary analyses, colour reactions and properties (both physical 
and chemical) rhetsine, C,,H,;N,O, m.p. 271° (dec) appeared to be identical with 
deoxyrhetsinine. This was subsequently confirmed from their mixture melting point 
determination and from a comparison of their U.V. and I.R. spectra Hence 
the formulation of rhetsine stands as 1V. Thus simultaneous occurrence of rhetsinine 
and its deoxy-derivative ( rhetsine) in the trunk-bark of X. rhetsa appeared to be 
of great interest from the view point of biogenesis. The constitution of the third 
alkaloid, rhetine, is in progress. The fourth alkaloid, C,,H,,NO, of X. rhetsa could 
be recognized as chelerythrine from its elementary analyses, from an examination of 
its functional groups and several derivatives as also from the analysis of its dihydro 
(= deoxy) derivative, C,,H,,NO, prepared from the base by reduction with sodium 
borohydride. The quaternary nature of this alkaloid was revealed from the analysis of 
its hydrochloride, C,,H,,NO,Cl, m.p. 210°, and picrate, 
m.p. 236° (dec), which formed with elimination of a molecule of water. The identity of 
this alkaloid with chelerythrine could finally be established by a direct comparison of 


the alkaloid concerned with an authentic sample of chelerythrine and their derivatives 


EXPERIMENTAL* 


Both Kerala (Sout ndia) and Assam (North India) varieties of XY. rhetsa have been 


Kerala va y p u hetsine. rhetsinine and rhetine but no chelerythrine which 
acks rhetine 


was extracted exhaustively with 3 |. ether in a soxhlet for 


tsine (A) deposited in the extraction flask. A further crop 


rh } 


ether Yi ite when kept for a fortnight in the 


frigidaire. Residual ether ition , n was diluted with another 300 cm* ether and shaken 


peo I cl rom 


with 2 N HCI (50 ¢ en rhetine, m 38-242 was precipitated. After repeated crystal- 
lizations from methan 1 ethanol, n of rhetine could be raised to 254 


Beckman spectrophotometer Model Dl 


samples have been dried in high vacuum 
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Milled Trunk-bark of Xanthoxylum rhetsa DC, (Kerala variety) 


Ether Chloroform | Aleohol (after 
(after ether | ether and chloroform 
| | |} extraction) |} extraction) 
Lupeol Rhetsine \ gummy mass Rhetsinine 


Rhetine 


Milled Trunk-bark of X. rhetsa DC. (Assam variety) 


Lupeol Rhetsine Chelerythrine 


lhe bark materials left after ether extraction were percolated with 3 |. hot chloroform and then 
refluxed with 3 |. alcohol for 64 hr Acid extract of chloroform solution of Kerala species gave 
negative tests for alkaloids but that of Assam sample yielded chelerythrine chloride (C, 0-42 g). 

Alcoholic extract of the bark was concentrated to 250 cm* which was poured into | |. water 
acidulated with 1% acetic acid and left overnight. The clear orange decant was basified with sodium 
carbonate. The base liberated was taken up in chloroform (75 cm 4). From the chloroform 
concentrate (50 cm*) rhetsinine separated out in reddish yellow rhombic plates, m.p. 186-190 (dec) 
which changed to yellow on keeping After several crystallizations from the same solvent and from 
a mixture of chloroform and ethanol (1 : 3) pure rhetsinine, m.p 192° (dec), [x]; 0° was 
obtained (1-5 g). It is sparingly soluble in ethanol, methanol, benzene, ethyl acetate, acetone, readily 
soluble in chloroform. and insoluble in water, dilute acid and alkalies. Thus alkaloid tests of the 
base could only be performed in conc HCI in which it is soluble. Paper chromatogram of the base 
was examined on a formamide impregnated paper using n-butanol : hydrochloric acid : water 
(100 : 1 : 30) (R, 0:55 at 31°) and also n-butanol : formic acid : water (12 : 1:7) (R 0-59 at 
31°) as developers. A single fluorescent spot appeared on the chromatogram (Found: C, 71-47; 
H. 5-50: N, 13-05: H*, 0-20: (N)—CHsg, 4:24; mol. wt. 314. (Rast) Calc. for C,,H,;N,0.: C, 
71-47: H. $-33: N. 13-16: H*, 0-30; (N)—CHsg, 4-70%. mol. wt. 319.) The alkaloid was indifferent 
towards ferric ion and Tollens reagent, and does not reduce Fehling’s solution It turned deep yellow 
with conc H,SO,, greenish yellow with conc HNO,, light yellow with Fréhde’s reagent. U.V.: Amax 
314 my (log e 4-15). LR 2-9 (—OH), 3-03 (—NH), 5-9 (amide) and 6°03 » (phenyl nucleus) 

Rhetsinine chloride. 30 mg base in 10 cm* chloroform was treated with 0-5 cm* 2 N HCI and 
shaken vigorously, when hydrochloride of the base separated in yellow flocky mass. It crystallized 
from ethanol in yellow needles, m.p. 228-229", (dec) | an 0°. (Found: N, 12-44; Cl, 10-52 
Calc. for N, 12°51; Cl, 10°88°%.) 
Rhetsinine methiodide. 2 cm® methyliodide was added to 30 mg base in 10 cm*® chloroform and 


kept overnight when long yellow slender needles of methiodide of the base separated It was further 


purified by crystallization from ethanol, m.p. 220-221" (dec) (Found: N, 9°48. Calc. for C.p- 
H,,N,O,1: N, 9:11 %.) 

Rhetsinine nitrate. 25 mg base hydrochloride in 20 cm® ethanol was treated with 4 N HNO, till 
the precipitation was complete The nitrate crystallized from ethanol in light-orange yellow needles, 
m.p. 242-243" (dec). (Found: N, 15-79. Calc. for C,,H,.N,O,: N, 

Rhetsinine picrate. 30 mg base hydrochloride was dissolved in 12 cm* water in which 30 mg picric 
acid in 5 cm* water was slowly added. The precipitated yellow picrate crystallized from ethanol in 
orange-yellow slender needles, m.p. 270-272° (dec). (Found: N, 15-27. Calc. for C.;HeN,Oz: 
N, 15-31%.) 

Rhetsinine chloroplatinate. 80 mg base hydrochloride was dissolved in 50 cm® hot water. The 
solution was cooled and treated with 5° chloroplatinate solution with stirring till the precipitation 
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was complete The bright orange crystalline chloroplatinate was too sparingly soluble to be crystal- 
lized from any solvent. A pure sample when heated charred at 230° without melting. (Found Pt, 
19-05. Calc. for (C,,H,;N,O,),.. H,PtCl,: Pt, 18-60°,.) 

Sodium borohydride reduction of rhetsinine. 1-0 g rhetsinine was dissolved in 150 cm* chloroform 
ethanol mixture (1 : 2). To this orange-yellow solution, 600 mg finely pow dered sodium borohydride 
was added. There was copious evolution of hydrogen and the solution became colourless. Deoxy- 
rhetsinine slowly separated after some time It was left overnight at ordinary temp. Excess of the 


j residue was treated with 50 cm® water and extracted exhaustively with 


soivent was removec 
$00 cm’ chloroforn he ch rm extract after being distilled left a colourless solid (700 meg) 
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freed from the solvent and the residue on sublimation in vacuo at 0-01 mm gave two different fractions 
(X) at 66-80° and (Y) at 150-160°. Fraction (X) had a faecal smell and consisted of a few drops of 
reddish-yellow oil. It gave a positive pine chip test for indole raction 30! ied on keeping 


This on being llized from benzene deposited fine needles, m.] 59°, proved to be identical with 


pyrid-{3,4-b}-indole-1(2)-one by mixed melting point and analysis. (Found: C, 71-64; H, 4-45; 


upon 
ited out 
65-48 


rated 


and becar 


residue wa reated 
washed with water. d 
from ethanol in colourless needles, m.p. 165 


for C,,H,,NO,: C, 72:20; H, 5-4, N, 4-01 
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formed pale yell p. 210 (30 4 C, H, 5-6 N, 3-89 OCHs,, 
: l 0. Calc. for C.,H,,.NO C, 69-10; H, 5:20; N, 3-83 OCH 16°90 ) It gave positive 
Labat test 
Chelerythrine chil i 100 meg ne din 10 cn 2N H¢ solut 
Repeated crystal f to 210 ec). (Found: 
H, 4:82: N, 3-76. Ca for C.,H,,.NO< C, 65-71: H., 4°68: N, 3-65 
j crystallized from ethanol in fine needles, m.p. 23 lec I i: N, 9-81. Calc. for C,;H.,.N,O,,: 
N. 9-72 ) 
: Deoxychelerythrine 100 mg of cheleryt! e ch € s dissolved in 50 cm* methanol in 
‘ Me which 1-0 ¢ of sodium bor de a dded and left ov hit he solution gradually turned 
Es pale yellow less. The methanolic solution was freed from the solvent and the 
Tap haken with chlorof The chloroform layer was 
: un ulphate and distilled Che residue crystallized 
o j 166 (Found: C, 72-11: H, 5-31; N, 4:14. Cale 
j 
uy 
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\ NEW LIGNAN, SECO-ISOLARIC IRESINOL AND FURTHER 
CONSTITUENTS OF THE HI ARTWOOD OF PODOCARPUS SPICATUS 


H. Brioas, R. C. Camaie and J L. HOARI 


R j 
Abstract—A ne has been is ed from 
IR H \ iin 
A Stel 
PREVIOUS investigations OF U { / atus have shown the 
presence in t “ul ns, tairesinol and 
co dendrin \ 1 ) is rece th been 
shown to be 2:5 5 yisofl The isolation of 
gt reetin® tro cart akes and g Su artwood has also been 
rep rica 
In the pre | \ f the he rtwood 
constituents 1s rep io | t inor constituents the 
concentratc ‘ ‘ il ( nds vely 
re-extracted ts fhe concentrate fro ach 
extract. where possid as frac ‘ d and non-c! illine residues 
tionated ) sicil Liberal usc is ide ol 
paper chro atograpnic tcc gues to Ol cac pul cation step al d for initial 
macntincauio of the co tituents | ‘ scneme ol extraciion and the products 
isolated from cach extract hov n Table | 
By these means the following pre ously reported compounds wer isolated and 
identified by comparison wit authentic samptes mata vol (2-26 ld). 
col 1 eld) querec (Ure \ id) tem vield) and 
podospicat (0 13 vicid) In add ton tne follow ing col poul ds not pre viously 
detected in Podocarpus catus were isolated: (—-)-taxifolin 002 yield), (--)}- 
aromadendrin (0-001 yield) kaempferol (0-002 vicld) sequoyitol (0-009 yield) 
and a new lignan (0-012",, yield) 
°P ii: LL. HB P. Cet ] 6, 145 
1. 6 4 
R. dD. 1 Re G.S 34 
L.H. 8B D. A. Peak. J. ¢ 4 136) 
L. H. Briggs BF. 6, 14 1959) 
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TaBLe |. Podocarpus spicatus HEARTWOOD EXTRACTIVES 


HEARTWOOD 


Extra 


The new lignan. isolated from the ether and chloroform extracts, 1s a laevorotatory 
crystalline solid, m.p. 112-5 113-5°, wh rives a positive ferric chloride reaction. 


The compound has the formula, CypHy¢Q¢. and a Zeisel determination shows the 


presence of two methoxyl groups. The infra-red spectrum shows hydroxyl stretching 


at 3448 cm~', phenolic deformation in the regions 1200 cm land 1410-1310 cm™! and 


a band compatible with primary hydroxyl deformation at 1050 cm 

Difficulty was experienced in crystallizing acyl derivatives of the lignan The 
presence of four hydroxyl groupings was demonstrated, however, by the formation of 
a tetra-acetate and a tetra-benzoate. The acetate was obtained only as a glass on 
acetylation in pyridine solution or with fused sodium acetate while the benzoate was 
obtained as a microcrystalline mono-hydrate by purification from aqueous methanol. 
Both derivatives showed no hydroxyl absorption in the infra-red 

I'wo of the hydroxyl groups present in the lignan were shown to be phenolic by the 
formation of a di-O-methyl ether, C,.H,9O,, by methylation in aqueous alkali. This 
derivative had a constant melting point 59-60° when initially crystallized from aqueous 
methanol but crystallization from chloroform light petroleum raised the melting 
point to 120-123 Prolonged methylation with dimethy! sulphate and potassium 
carbonate in boiling acetone gave a further di-O-methyl ether, m.p. 120-5-121 
depressed on admixture with the former derivative and which showed major differences 
in the infra-red spectrum. The formula of the latter derivative, C,,H,,O;, and the 
absence of hydroxyl absorption in the infra-red spectrum suggested that it was derived 


*L. J. Bellamy, The Infrared Spectra of Complex Molecules (2nd Ed.) p. 95. Methuen, London (1958). 
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Iho 0 Vi) tcl it] il 
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L. Knot, C/ Ber. 90, 28 
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Lo Chem. S 79. 38) } ) 
“MRD ock. J. Chen 1054 (1939) 
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L. H. Briceos, R. C. Camate and J. L. Hoare 


The structure of seco-isolariciresinol was further confirmed by an absolute 
synthesis from ( )}-matairesinol (I, R H). Reduction by lithium aluminium 
hydride of the dibenzyl derivative of ( )-matairesinol (1, R = C,H,CH,), by Schrecker 
and Hartwell’s method" for lactonic lignans, gave the diol (Il, R = CgH;CH,). 


Hvdrogenolysis of the diol with palladium-charcoal gave 2:3-bis(4’-hydroxy-3’- 


methoxybenzyl)-butan-! 4-diol (II, R H), identical in all respects (m.p. and 
mixed m.p., optical rotation, infra-red spectrum) with seco-isolariciresinol. 

The absolute configuration of (—)-matairesinol has been established as 2L, 3p 
(I, R H) 8 Since the synthesis of seco-isolariciresinol from (—)-matairesinol 
only involves the reduction of the potential carboxyl group to a primary alcoholic 
group it follows that : new lignan must have the same absolute configuration, 
provided the asymmetry at C, 1s preserved. As reduction with lithium aluminium 
hydride of a carbonyl group adjacent to an asymmetric centre does not affect the 
symmetry!” and as benzylati and debenzylation would also not be expected to 
affect the asymmetry, the syntl ; to the absolute configuration of seco- 


isolariciresinol as 21, 3p (11, R H) 


EXPERIMENTAI 
University of Otago, New Zealand. Infra- 

IR2 instrument an tra-violet spectra in 

ts were measured by the 

uents was 

(A) 60", aqueous 

th 


cither | 


Light petroleum was of b.p 


ious extraction (Soxhlet) of the finely 
vent vacuo gave 
s intimately mixed with 
racted (Soxhlet) with light 
methanol The residues 
hanol extracts, were purified 
1. Non-crystalline residues 

drogen carbonate, 10 
lutions. Residues from the 
alumina (Brockman, grade III) 
methanol extract by any purification procedures 


attempted 


Lignans 
p. and mixed m.p 7-118 (identical infra-red 
stallisation of the benzet r and chloroform extracts 


vield 210-5 g),m 


tions from these extracts and the ethyl acetate extract It was also 


{in trace amount by elution of the light petroleum extract from the column with benzene-ether 
mixtures 


A. W. Schrecker and J iT g 381 (1956) 


A. W. Scl ecker na irtwe c. 79. 382 (1957) 

17 A. W. Schrecker a irtwe n Progre n the Chemistry of Organic Natural Products Vol 
pp. Sy gc rla (1958) 

R. D. Haworth ar od 1. Chem. Soc. 184 (1939.) 

1* ED. S. Noyce and 4mer. Chem. Soc. 72, $743 (1950) 

L. Jurd, Arch ind rvs. 63, 376 (1956) 

LL. Jurd, and J. Ore. Chem. 21, 1395 (1956) 

221. Jurd, and R. Horowitz, J. Org. Chem. 22, 1618 (1957) 
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a-Conidendrin. x-Conidendrin, m.p. and mixed m.p. 240-244°* (identical infra-red spectrum), 
was isolated in small yield (500 mg) from the 4°, sodium hydroxide fraction of the chloroform 
extract by fractional crystallisation from aqueous acetic acid or from ethanol. 

seco-isoLariciresinol. Water extraction of the residues from the 0:2°% sodium hydroxide fractions 
of the ether and chloroform extracts and of the sodium carbonate fraction of the chloroform extract 


2 


gave colourless needles of seco-isolariciresinol (1-13 g) After recrystallization from water or dilute 
alcohol as rods it had m.p. 112-5—-113-5°, [«}? 35-6 (c, 1-07 in Me,CO) (Found: C, 66-3; H, 7:2; 
OMe, 17:0. CyoH 0, requires: C, 66°3; H, 7:2; 20 Me, 17-1%), Amax 209 my (log ¢ 4-5), 229 my 
(log ¢ 4-3) and 283 my (log ¢ 3-9). Infra-red spectrum: 3436, 3165, 2915, 1608, 1515, 1471, 1458, 1433, 
1385, 1359 (Sh.), 1339, 1312, 1272, 1241, 1199, 1189, 1155, 1129, 1120, 1098, 1064, 1050 (Sh.), 1036, 
1007, 977, 947, 937 


seco-isoLariciresinol is sparingly soluble in cold water, ether and chloroform but readily soluble in 


119, 910, 897, 844, 808, 798 and 744 cm 


methanol, ethanol and acetone. A concentrated solution gave a green colour with alcoholic ferric 


chloride 


Te tra-O-acet yl-seco-isolari 1 Acetylation of seco-isolariciresinol with acetic anhydride 


pyridine (1 hr: 100 ) or with tic anhydride—fused sodium acetate (2 hr; 100 ) and isolation of the 
products by pouring onto c1 h case gave ¢ which could not be obtained as a solid 
from any I rmal orgar lvents fter ymatography thyl a ite on neutralized 
alumina the fetra-acetate was obtained as a lourless glass, t - re € ), which could 
not be induced to crystallize (Found for im} aried row tem] 2°09; 7; Ac, 29-2 
C..H,,0,. requires , 63-4; H, , 32°5 quires ,62°3; H, 65: 
4 Ac, 31°9",) 

Tetra-O-henzoyl-seco-isolariciresinol. Benzoylation of seco-isolari -sInol with chloride 
pyridine (1 hr: 100 ) and tsolation of the produc yp ng on rushed ice gave t fet enzoate 
which was obtained as a colourless microcrystalli I ydrate, m.p. 55-57>, fre aqueous 
methanol (Found, for sample dried at room temp ; H, 5-4. C,.H,.0,,-H.O requires: 
C, 72°4; H, 

Vono-O-3 :§-dinity nzovl-seco-isolariciresinol Treatment of seco-isolal 
dinitrobenzol chlorid excess) py! aine 100°) an lation of tl | the usual 
manner gave { obtained a microcrystalline 
powder, m.p 5 , from aqueous ace acid und 5 H, 5-1 requires 
3: H. §-2 1 spectrum showed trong hyd: yl absorpt 

Di-O-methyl-seco-isolariciresinol OCH.). Dimethyl ilphate (1 m vas added dropwise 
to a solution of seco-isolariciresinol (150 mg) in 2 dium h ( olution (5 ml) and the 
mixture heated on the steam-bath for nm Repeated crystallization tne! itit um from aqueous 

e di-O-metii ) ol cre j as COK eed! mg Furt 
ation from chloroform-light petroleum (| ed the melting point to 12 (Found 
, 67-4: H, 81: OMe, 35 7; 4OMe, 343%). The compound 


ve a negative ferric chloride n showed strong hydroxy! absorption 


3472 cm 
| OCH Methylation gseco-isolariciresinol 


(200 mg) with freshly dried potassium carbonate (500 mg) and dimethyl! sulphate (1 ml) in boiling 


acetone (10 ml) for 20 hr gave a gut lich tallized from aq is metl | as colourless prisms 
(98 mg), m.p. 120-5-121 (Found (avge. of ty letermination , 70-75: H, 7-6; OMe, 33-1 
C,,H,,O, requires: C, 70-9; H, 7-6; 40Me, 33-3°%,) pou a i negative ferric chloride 
reaction and the infra-red spectrum showed no hydroxyl absorption lid n lepress the melting 
point of a sample m.p. 119 120, prepared from di-O-methyl-seco-isolari ssinol by dehydration 
with potassium hydrogen sulphate following the procedure of Schrecker and Hartwell'! for the 
preparation of anhydro compounds 


3 (ll, R OCH,) )-Dimethylmatairesinol 


prepared in 71 yield from (— )-matairesinol by the method of Briggs et al.* was reduced to 2 


3-bis 
(3’:4’-dimethoxybenzy])-butan-1 :4-diol by Haworth and Wilson’s method n vield. The 
diol crystallised from aqueous methanol as prisms, m.p. 123-124° (lit."’ m.p. 12 3-7°), unde- 


pressed by di-O-methyl-seco-isolariciresinol (identical infra-red spectrum). Dehydration of the diol 


* Cf. the melting point recorded by K. Freudenberg and L. Knof,'® for «-conidendrin. 
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ystallisation of the product (80 vield) from methanol 
». 118-4-119-7>) 


le (10 g) 


xture 


product 
n the 
(A) 0-48 

accompanied through- 

ation of which 

at ad on 

acetic acid and from aqueous 


nol gave kaempt c ind m m.p. 280-283° (decomp) (Found: 


| infra 1 spectrum). Amax 
266 mre og 7 { 40) itra-v il re presence of sodium acetate, 


sodium a t ic acid diun via odium metaborate were identical with those for an 


authentic san und also those recorded by Jurd er 


Flavononols 


(+)-Taxifolin. After removal of matairesinol, the acidified aqueous phase of the sodium hydrogen 


carbonate fraction of the ether extract was extracted with ether and butan-l-ol. The concentrate from 


- 
g 
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wave 4’-dime xyoenZy tc 1 a spectrum) 
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the combined extracts was chromatographed in ethanol—-chloroform—water (2 : 8 : 5) on columns of 


powdered cellulose following the procedure of Brewerton Crystallization of residues from slower 


moving fractions from aqueous ethanol gave (— )-taxifolin (180 mg), plates, m.p. and mixed m.p. 
| 


240° (decomp) [] 48” (c, 1 Me,CO-H,.O) (Found: C, 57:8; H, 40. Calc. for 


C,;H,.O,-H.O: C, 57:5; H, 42°) (identical nfra-red spectrum). Amax 290 mu (log ¢ 4-28) and 


B) 0-69. The penta-acetate crystallized from 


58-1; H,4-45; Ac, 41-6. 


shoulder at 330 my (log ¢ 3-56). Circular R, (A) 0 
absolute ethanol 
for H,.O 


‘ 


mnar 
{romadendrii companied by small 


mined 


with 


~ 
4 : 
7 
3 
i 
) 
amounts of a furthe none (p itive Pew’'s test**) The ci cular R, values 
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In a continuation of our studies of the constituents of the New Zealand Species 
of the Podocarpaceae a systematic investigation of the constituents of the heartwood 
of Podocarpus dacrydioides has been carried out. Isolation of the constituents was 
facilitated by re-extraction of the concentrate from an initial methanolic extract 
mixed with Celite, with light petroleum, ether, ethyl acetate, water and methanol. 
The extraction scheme and the products identified from each extract are shown in 
Table | 

Podocarpic acid (1, R=-H) comprised the major constituent (0-37 yield) and 


was isolated with difficulty from the “‘acidic”’ and “‘phenolic’’ fractions of the ether 


extract. It also occurred largely as its magnesium salt in the water extract from which 


it could be isolated b i ition followed by chrom 
By chromatograph he “neutral” fraction r extract a phenolic 


s isolated (0-02 yick VI } although 


compound, ¢ 2 
insoluble in aqueous alkali and giving a itive ferric chloride reaction, readily 
dissolved in Clai "s cryptophenol ~agent® and gave ar ge dye with diazotized 
p-nitroaniline ompariso1 he ultra-violet and infra ectra with those of 
podoc irpic acid indic ed thi tn Ipou Wiad tl p Cary R ( H.) 
a fact confirmed by direct npar h an authentic sample. docarpate 
has not previously beet 

Acetylation and re 
after the separation of the bulk o 
whose properties were identical 
and Thomas from Dacrydium cupressinun 
acetylation to ferruginol (Il) and character 
when investigating the acetate obtained fi niperus commun ’ has shown that 
ferruginyl acetate forms mixed crystals with its \ydroderivative (II]) and also 
that ferruginol isolated fi Podocar] from Dacrydium 
cupressinum’ contains small amounts 
the ultra-violet spectra of the acetates w 
comparison of the spectra of our acetate and its hydrogenation prod it would 


appear that it contained about 3 per ce 


A phenolic ketone (0-01 °, yield) isolated from the “ ic” fraction of the ether 


extract by chromatography wa lent $s sugiol -keto-ferruginol, I[V)!! by 


comparison with an authentic sample ts ¢ urrel t t th ferruginol and 


i 


A®*-dehydroferrugino!l is of I v of their co-occurrence in the related species 


Dacrydium as been shown that the ¢ nethylet roup of 


dehydroabietic acid and its derivatives undergo facile oxidation to the 9-oxo 
compounds"™:' and that sugiol on reduction with aluminium isopropoxide undergoes 


simultaneous reduction and dehydration to the dehydroderivative 


A small amount of a yellow crystalline compound eluted from the column after 


above acetate possessed properties identical with those of xanthoperol, an artefact 


bigs Ann. 418, 69 (1919) 
iit and B. R. Thomas, Ne land cl. and Tech. 33 B, 950 (1951) 
Bredenberg cta Chem. Scand 
Bredenberg and J. Gripenberg, Acta Chen ind. 10, 1511 (1956) 
Brandt and L. G. Neubauer, J. Chem. S 1031 (1939) 
Brandt and B. R. Thomas, J. Chem. Soc. 2642 (1952) 
Jackson, J. Amer. Chem. Soc. 73, 3463 (1951) 
2s Pp Ritchie, T. F. Sanderson and L. F. McBurney, J. Amer he 75, 2610 (1953) 
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obtained along with sugiol from the wood of Juniperus communis L.’? The original 
structure proposed for xanthoperol (V)* was subsequently changed** to VI mainly on 
the evidence of its failure to enolize spontaneously and the formation of a ketone 
different from sugiol on Clemmenson reduction. Wenkert and Chamberlin,” 


however. have recently pointed out that resistance to enolization of V would be caused 


by unfavourable non-bonded interaction between 


and tl 
receded by 
re(V) can 
lioide 


ere too, 
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sodium hydroxide, | alcoholic diazotized p-nitroaniline and 10 aqueous hydrochloric acid or 


with (b) a mixture of | ferric chloride and | potassiul rricvanide. Px docarpic acid has R, 
(A) 0-7, (B) 0-8 and pododac cid R, (A) 0-8, (B) 0-7, the spots being coloured orange and red 


respectively, using 
loides Aeartwood. Cs nuous extract 1 (Soxhlet) of the finely 
25 hr and 1 the s nt ¢ i vn tar (670 g) 
acted (Soxhlet) 
moved 


ated 


ter-soluble Girard 


the benzene solution on addition of light 


lated from the “phe tl ether extract (b) 
precipitatior th } oleum, followed by slow 


ict (d) deposited a small amount of an acid magnesium salt, decomposi- 


acetate, gave a trace of 

ited the bulk of the organic material, 

rpic acid and pododacric acid (trace) 

acid w: nally isolated by chromatography of 

1 of the precipitated solid (450 mg from 4 g) on alumina (Brockmann II]) from fractions eluted 


with methanol 
Podocarpic acid crystallized from 80°, ethanol, or 60°, acetic acid as long needles, m p. and mixed 


m.p. 193-194 , [x 139° (¢, 2:2 in CHCI,), Amax 225 my (log ¢ 3-60) and 282 my (log ¢ 3-4). Methyl 


podocarpate, p epared by the use of an ethereal solution of diazomethane, had m p. and mixed 


m.p 211 Methyl-O-methy! podocarpate, m.p. and mixed m.p. 128-5", was prepared from podocarpic 


1% G. C. Harris and T. F. Sanderson, J. Amer. Chem. Soc. 70, 339, 2079 (1948). 
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from each extract The residue from the ether extract (428 was redissolved in ether and tract 
4 
es was found necess sc a e volume of sod vdrogen ¢ yonate solution to effect reasonable 
a frac na sma ies OF res cids were be cx Cler Iter use of 5 and ex cuion 
was § ncoompict Th Little mate ool Oy further trial extraction with 10°, 
agucous sodium ¢ tc § ACK cx cis Gave cidic§ «fraction 
(169 @) ad wie! | 154 @) S& remained as 
in the same manne No ice roducts were phenolic ind eutral 
n-H u ng standing e res 6 g) € petroleum extract (a) gave 
a gum which c cry ne mate sep vas effected turation with 
acetone After mec! eparatior f a trac 1s fra) solid was purified 
2 aa by washing with conc H,SO, followed by water and crystallized methanol-acetone to yield 28 
$m liste s of eptacosa I ydrocarb« 60 mg), 
Mm.p. 95°) Was ed DV phy the iract of the ether extract (b) (vide 
infra) Found: C, 85-3: H, 14-¢ M (Ras 3992. Calc. H C, 85-2; H, 14-8 M, 381) 
The purified hydrocarbor ve negative tests for unsaturation and possessed an infra-red spectrum 
bh 
ae, Poa arpic acid LR H Podocarpic acid was expected ft ne p esent if he acidic fraction of ie 
the ether extract (b) in significant proportions. Howeve ug! could be crystallized directly 
_- =a from the resin of the tree it could not be readily separate e resins present ie “acidic Bw 
fraction Trial iltempts to eficct sepa uon tract Sta at I various amine salts by 
= Harris and Sanderson's metho were successful, Part separat (as shown by paper chroma- 
— tography) was achieved by extraction of the dried residue with benzene fi ved by ether, leaving a 
residuc § n P aqaocarpic acid was c cel ted n the ber 7ene ution Dul was 
cor nated Dv a keto-acid Te fu cid, subseque as pododacric acid The 
ethe ned xture dp dacric acids while pododacric acid was 
conce ed in eciny cetate § j Atte wit! methanol which 
>” oa removed pododacric acid and sepa of the keto-acid by formation of th 1 
petroieun 
77 
Podocarpic acid (1 was also iso 
by repeated s ition in thy! etate 
epeated ution in ¢ icetal i 
crystal from aqueous acetic act 
sodod 
ey 
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acid by treatment with dimethyl! sulphate and anhydrous potassium carbonate in boiling acetone or 


from methylpodocarpate in methanolic solution by further treatment with diazomethane. 
Pododacric acid. The ether extract of the “acidic” fraction from (b) above, on standing with 

benzene for 2 months with frequent trituration, deposited crystals n with tar. Dilution with an 

equal volume of methy! tsobu | ketone followed by 
no tt > tal I lé re ‘ goc irpie and podo- 


(600 mg). Paper chromat phy showed that the 


ib ipid rat ; crude pododacric acid 


> 
dacric acids, sepa system, 
nir 
light trated 
romato- 


pod 


residue of the 


SIOW 


n EtOH) (Found 


the lomr 

Ferruginol ({1) an the columns 
leyir 

petroleum on 


after se paration of met 


18 E. Wenkert and B. G. Jacksor 


if 
graphic determination) i weive further ansters with double withdrawal and removal Of soivent gave 
crude pododac cid (300 ‘) tro tubes 6—25 
JOlie Further crude pododacric acid (210 mg) was isolated from the ethyl acetate soluble Zi 
| “acidic” fraction from (b) and from the “acidic” frac { the etl acetate extract (c) Dm 
; crysti yn from 30 me nol. Pure pododacric acid cryst d from 30 cetic acid or 30° : ; 
me $¢ irless needles,* m.p. 213-214 118 0-9 CH¢ MeOH (5 : 1)] (Found: : 
oa C, 68:8; H, 8-0. C,,H,.,O,; requires: C, 68-9; H, 8-1°,) 2251 (log 3-74) and 284 mu 
(log ¢ 3-4 
Ca lri-O-a doda acid Acetvia n of pododacric ac 1 acetic anhydride—pyridine 
(100 hr) 1d 1s e product Dy p ng crus 1 ice gave the d 
crystallized fro es 2° (c, 0-64 i : 
C, 66:3; H A H,,O, requires: C, 65-8; H 2 Ac, 
oe Get, Tri-O-he yl po Benzoylat fy lacric ac th be chloride—pyridine 
(100 ] and is e produc i a eedies | m 
etha ), m.p. 135-136 4 4in EtOH) (Found: 3: H, 6-2: Bz. 44-8. 
Cer 
( 74-5 H. 6°] 47-7 ) 
Sugi IV). Port s (35 the “phe ction of the ether extract e repeatedly 
same solven d re-c (B lil). Frac benzene 
ether (3 : 1) gave sug 630 ve Further 
nt f m 1 tht net vt ib fr f f the 
: ether extract (b). Afte epeated vst I cetic d was oD dg as urless 
rods, m.p. and mixed p. 292-5-293 3¢ 0-4 CHCl,-pyridine (5 : 1)] (Found: C, 
79:7; H, 9-1. Cale. for CyoH,,O,: C, 80-0; H, 9-4 233 1-22 1 288 my 
(log 4 15) (identic ed spect | prep ed ine yaride 
pyridine (100 2 ed edles If 64 met t'? mop. 164-165") 
(Found: C. 76-9: H, 8-6. Calc. for C..H,,0,: C. 77:15; H, 8-8 
Vethyl podocarpate (1, R= CH The eu ct e ether extract (b) was cl nato- 
graphed benzene ¢ (Brock I] I frac s eluted yenzene gave n-hepta- 
cosane. Repeated rec ) of frac $< d benzene-—ether mixtures imina 
» (Brockmann IV) gave cryst te (1-34 g), m.p. 2 Repeated cryst i ethanol 
gave methyl podocarpate as needies p xed p. 211-5-212° (I 75-0; 
H, 7-9, 8-0. Calc. for C,.H.,O,: ¢ H, 8-4 222 n re 3-74) 1282 ge 3-41) 
(identical int ed spectrum). The ethyi et 1 by the se ol thylsulphate and 
anhydrous potassium carb te > y acetone, | ed prisms, m.p. 128-5-129 indepressed 
by methvl-O-methv! podocarpate (Found: C, 75-5, 75-5: H, 8-75, 8-5. Calc. for C,,H2,Q,: 5-5 
H, 8-7%). A 221m ¢ 3-77) 1 280 n 3-29 lentic fra-red spectrum) 
bP VMethyl-O-acetvl podocarpa Acetvlatio f methyl podocarpate (43 mg th acetic anhydride 
ae 4 pyridine (100 2 hr) and ts t f the product by p r onto crushed ice gave methyl-O-acety] sy 
ae podocarpate (50 mg), which crystallized from 50°, methar s needles, m.p. 122—123-5> (lit'® m.p. 
125 125-5) 
‘ 
a ae al * Traces of impurity inhibit crystallization giving oils on standing 
i a 17 P. Sengupta, S. Choudbury and H. Khastgir, Chem. & Ind. 861 (1958) 
J. Amer. Chem. S 80, 217 (1958) 
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ictions eluted with ligh cum slowly yielded a crystall 
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Abstract——Of twenty substituted barbituric 


been found 


to exyst ypental, 


phenovdarvdita aprob 


X-ray diffraction and 


determined The forms 


lied by 
deen 


The tautomeric form of the c ds it 


the solid state is discussed 


briefly 


INTRODUCTION 


POLYMORPHISM in substituted barbituric been previously reported by a 


number of workers in greater oO! ; etal 


[his paper embodies the results of 
investigations of twenty such compounds, all commonly used in pharmaceutical 
preparations. All the acids are 5,5 disubstituted with a variety of alkyl and aryl 
substituents, two are N-methyl derivatives, and three are 2-thiobarbituric acids 


lhe trivial names used here are those adopted by Chemical Abstracts. and have 


been tabulated with synonyms and chemical names by Williams.‘ 


EXPERIMENTAI 


7 
if eversibility of 
cooling the more stabl 


cooling it to liquid air t 


Of the twenty 


are listed in 


i 
es, ic, Mee infra-red spectrophotometry, and the transition temperature ranges ha 
€ vided it VO ps 1e basis of their infra-red spectra. 
ape 
E 
The techniques used f rep ition of poiymorpnic torms were ftusior ind crvystall the 
supercooled elt one formed) at difierent t« es, precipitat S alkaline 
acidilicati i iti gd tro ique cono 1d pora- 
tion of solution n card i nd ¢ DY DIOWIT et of air er the s« 
to e rapid crystalliz: temperatures 4 | ] were ¢ cl ed | tne X-ray 
+ diffraction patterns Ther: v unstable « ¢ b mo c ons wer i fo n | r at : 
40°. SO... etc. up to fusior examined al ) 

xX ¥ patterns were oodtained or i Norelco 4 Geige Diffrack ising nickel ag 
hitered copper radiation (1°5418 A). Inf ed spect ere obtained i Perk I r Model 21 
double-bean spectropnotk cic The es pre Cd tir or 

butadie! mulls, confined between two rock Pilate Sodium ¢ ide optics ed The 
inf red spectra different in cl oform solution all at the same concer tion, were 
alse 
ine TOT! O anotine was if esuy DY SIOWIY 
form through the transtormation te ail ne cases Dy 
RESULTS 
; Ss barbituric acids studied, nine were found to be polymorphic These compounds 
mu Table |, together with the methods of preparation of the different form rhe other 
o) : 1 R. Fischer, Ber. Dtsch. Pharm. Ges. 270, 149 (1932 ; 
R. Fiscl ind A. B Di Pi ( 270, 2 
? Maria Brandstatter, 7. P/ Che A191, 227 (1942) 
T-Y. Huang, Acta Phar Ii 2. 43. (1951) 
T-Y. Huang, Acta Pharm. rn. 2, 95 (1951) 
P. P. Williams, Analyt. Chem. 31, 140 (1959) 
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eleven, butabarbital, cyclobarbital, cyclopal, dial, hexobarbital, mephobarbital, probarbital. rutonal. 


sandopta secobarbital and thiamylal did not vive polyn rph c forms vith the methods used X-ray 


patterns not previously published are presented in Table 2, and the distinct infra-red patterns in Fig. | 


fication for an hour at a time to regularly 


Table | shows the results of heating a less stable mox 


ncreasing temperatures, and cooling to room temperature for X-ray examination betweer steps 


rf temperatu ¢ proportion of the more stable one 


rsibie under the experimental conditions used 


Howe since ¢ eXaminations were carried out at room temperature the actual behaviour at 


The infra-red spectra of different forms of compound in chloroform solution were always 


sition 


Barbital (5,5-diethyl barbitu acid). Huang’ has published X-ray patterns for four forms, only 
ee of which (1, Il and IV) were prepared in this work. Fi s If and IV have similar X-ray patterns. 
ad identical infra-red spect Form lis ga e diflere ror hese, both in its X-ray pattern ind 


r form Ii results in its transformation to 


Tns of 


sl owed 


ition 


< a in ere sc ern appea i C 4 


the 
form II, 
ttern is quite 
dll 


n YOK 00 cn Grinding mixture of forms II and III re eX al riving an infra-red 


n the 


due to 


very 


YOO 


00 cm 


extent 


ted with 


some certaint It is possible that weak reflect from LV occu e same positions Of strong ones 


from |. The infra-red spectrum of IV differs from that of the other forms over the whole spectrum 
, The infra-red and X-ray patterns of pentobarbital II and ILI bear a strong resemblance to those of 
amobarbital |. suggesting that these are structurally simular I thermal transition of form III to 


form | outlined in Table | probably involves form II, but the similarity between II and Ill makes 


this difficult to determine with certainty 


Thiopental (5-ethyl-5+1-methyl butyl) 2-thiobarbitur acid) Two forms have been found The 


X-ray pattern of form I has been published* and is somewhat similar to that of form II. The infra-red 


vO are identica 


Jerslev 1 1 Pharmac 


nd B 


: 
: 
We sing temperature 
All the thermal transformations were irre vc 
ar an 
hig 
: ° identical, showing at the various crystallization techniques did not result in Po 
form I 
Butethai 4 acid forms have been prepared X-ray patti” 
: forms I* and II’ have already been published, but redetermination of that of form Il sammu 
eo ah , IV was forme: quantities with form Il by rapid evaporation of a carbon tetrachloride 
<i. aan sO or { et of al It has not been studs n det but its X-ray patte s characterized by 
ne -OS in ), 6°42 (mw), 5°63 (wu 4°35 (s), 3-85 (mw) and 2-98 A (m). The X-ray 
patterr forms | and II are nd the int red patterns show only slight diff 
a C—O stretching and C—H bending regions. Fé II] was prepared only in associatio 
ind cs cribed to forn ire prese n the X Dalic Tab 2 This 
different fi those fl ar ill ind th nf ed spect fill Ti hose 
: ; spectrum different from the others, particularly in the N—H stretching region. This may be a= 
form IV, but X erification of this w cticable. Form I is transformed to form I] = 
easily b ding 
{mobarbital (5-ethyl-5-isoamyl barbitu i I forms have been found. The X-ray pattern 
of form I (which can be prepared by < ta { ir C rotor is Dec pubdiisned ind differs 
narkedly from that of form I The differ sint fra-red patterns are smi being intensity 
diflerences in the ¢ QO stretching and ¢ H stret ind bending regions, and some peak shifts : 
n the region 7m 
Pentoharbital (5-ethyl-5-<1-methyl butyl) barbituric aci Brandstatter® has reported the existence 
of two forn The X-ray patt not fx Il is sely s hat published by Huang and Jerslev 
but tt Pattern 1s en in Table 2, to emphasize its s irity to that of fe ill Ihe differences 
between these patterns are the splitting of certain peaks in form II to produce doublets in IIL. This 
I I 
suggests that one modification may be a disordered form of the other. The X-ray pattern of I is 
; similar in many respec o bot ese. These similaritie e reflected in the identity of the infra-red 
spect of al hese three forms Pentobarbital 1V was u riabdly contaminate to certain 7 
; bv form I. but the X-1 natterns of both are fairl nple. that of form IV n be repor 77 
spectra of the | 
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Butethal Il Kemithal | Kemithal I 


ia 
283 
_ = 
7 
20-2 21 15-2 30 13-0 6 
11-5 81 12-5 20 6-93 100 
10-6 11 R75 5 6°70 49 
4 10-15 100 8-45 5 6:49 15 
‘ 9-85 23 (il) 7:97 25 6:24 5 
9-3 38 7-70 25 6-07 5 ; 
R-RR 7.42 10 §-79 27 
8-28 5 6°51 10 5-45 84 
7 5 5 3 
28 5 6:1 10 46 
7 
12 23 6:0 10 4-96 3 
6:90 27 (11) 5°91 10 +6 24 
6-6) 5.20 20 4-5§ 14 
2 
6-38 19 5-68 15 4-41 
? 5-08 29 $-23 100 4-22 
4-86 ig 5-01 10 4-09 12 
4:74 14 4-93 10 4-05 30 
4-43 20 4:75 3-9] 15 
3-99 4°54 15 3-63 7 
3-95 4-4] 10 3-52 48 
3-82 86 4-32 10 3-42 63 
3-67 18 4-13 20 3°34 7 
1-50 26 4-04 10 3-27 3] 
3-45 9 3 10 on 19 
: 3-40 20 3-07 9g 
3-31 11 5 2-97 24 
3-26 5 3-72 10 2-92 
ae 3-23 5 3-66 20 2-875 7 
3-17 6 3-53 20 2-815 0 
10 9 3-49 20 ? 725 4 
3-00 20 3-42 20 2-633 5 
7.96 73 3-39 14 2-533 10 
2-91 15 3-32 10 2:500 5 
2-875 5 30 2-462 10 
2-806 5 3-13 0 9-355 3 

2-747 2.295 15 2-338 3 
7.565 2-706 2-302 7 : 
2-501 10 2-020 5 
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7 
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62 25 100 11-05 100 
4 + f fi) 
4-48 4-99 ) 41-24 67 
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TABLE 


Pentobarbital III Pentobar al Phenobarbital \ 


11-2 45 13-8 RS 15-4 100 
10-85 100 6-2) 100 12-3 ? 
lie 
»-9 40 507 3] 7-7§ 64 
23 4-92 44 6°5 | 

< > ‘ 4 

4-84 4) 7-865 1-65 4 
4-00 ) 1.12 
- 
¢ > - 
‘ 
> 
2-707 2-98 34 
--080 
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Pentobarbital IV Phenobarbital V 
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j il, 
iil 
@ 
7.063 
1-997 
1-983 
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The X-ray pattern of the 


most unstable, reverting to III when dry, and has not been studied in detail 
Forms I, II and III have quite different X-ray patterns and show 
ms I and II differ in the relative intensities of 
that of III differs from these in the O stretching and 


wet crystals is given in Table 
differences in their infra-red spectra I he spectra of for 
peaks in the 1300-1200 cn region, and 


( H bending regions 


he 900-850 cm egion 
forms have rhe pattern 
flerences in 


form | 


n. Be 
100-650 ¢ 


DISCUSSION 


i 
gt 
, 
: 
ine 
of II already repor ea” 18 quite ¢ 
the ¢ © stretching and ¢ H bending regions Both | and II are thermally stable, but 
Aemiti (S-ail\ y/-2- acid} Three forms ave Deen prepared Forms 
1 and Il can be prepare nly by heating III. The X-ray patterns of all three (that of form III has <a 
. been previously published*) are quite distinct. The spectra of I and II differ only below 1800 cm . 
whereas t of fe differs 1 kedly f these e N—H stretchi 1800 cm~', 
Il and Il are similar, showing small differences in the C=O stret« y and m' regions 
ei It s been observed i s work that major differences in the infra-red spect f different 
dentity in the infra-red spe 
No « nis apparent between molec nd the occ ence of polymorphism in 
aM 
these ¢ sounds. | eX phenoDdard we k lif I yet mepho- 4 
of barb Alth Herte eT nd Dard ery $, attempts 
the prese eb f ke rising in view 
( H bend egior ests ‘ e ( O regior sed Dy iy 
\ eg pol ‘ e N—H stretching regior i st equally 
ntense peak tal 20K 3080 ¢ The peaks ectra in 
cl forn conce N—H etc cn 
umobarb land Il t Ill, pe I, and Ill 
simil nee. d the N H ‘ ling ed at 700-750 cn 
nN monosubstituted s and at 840 es | s hand is sim he first 
4 
SE. D G. B. B. M.S \ 164, 441 4 
L. Les C.E.H 28, 15 
ad 
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those of thioba ric acids) greatly diflerent from 


Ha egior differ n N—H 


a The remaining spectra (excluding 4 
one al df group in the N 
spectra betwee lific f the ¢ compou! mn 
the CO ree he N—H:C-¢O inte nteraction is important it 
cs Sc < | very pick if N H af regions, suggesting 
ic ms na it ™ it inere ppeca>rs tt be 
ia some degree of correlation between such complexity, an ¢ occurrence of large spacings in the im 
fit \ Kely to arise fron 
NH bx Unlike the othe 
ke no absorption appears 
n of 
\ i] ‘ i ccurres 
| 
: 
q 
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ALTHOUGH there 
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group, in most 
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Structural features near carboxy! 
investigation of rat! 

and physical mea 

a strictly 
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Among the processes 
appropriate conditions a1 
methods suffer the comm 
to eventually break tl 


structure of the substance degraded 
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methods to 
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a polar substituent 
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ym a polar 
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zation of analytical 
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from 


remote 


rectly attack 


under 
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‘ssary in order 
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alive DY nromic i acetic cid Nas Dee! developed as an 
; ase ¢ ‘raphy a S convenient application of the method to sqqggf 
a oe il branched-chain ac ched-chain hydrocarbon have been found to 
yieia the expected Cie products ch ci cate pina, deta Ot 
to inbox sionit } hanis of ti Kidation ar the inflk f 
carboxyl are discussed 
arc available to thc 
4. Gn is degraded by only one or 
rancn in a cnain Is iocated 
until tl ranch is ich 
ition until the branch is reache 
ge amounts of starting material. Oura 
result of our investigations of th 
ind the adjacent double bond 
nts of material, largely by 
a ver, subsequent Invest | is 
the brancl group which is more 
n.* Thus, degradative methods designed to 
: n an alkane chain have come under investigation 3 
‘ 
n which a tertiary position is selectively attach 
halogenation, nitration and sulfonation: howe 
disadvantage that additional steps are necessary 
ts : in and give products whose identification will reveal the 
4 Mee § i contrast, several methods of oxidation not 
1958, at Berk t No. E-86) fror 
eae a the National Inst H U.S. P Health S 
Recipient of a N Found S8—1959 
Cason and G. Sun / 192, 405 (195] H. Huss« iS. Elber { k ] 
: 65, 655 (1952) 
J. Cason, N. K. Fr G. Sumr ( m. 192, 415 (1951): J. Cason and C. F. Alles 
Ibid. 205, 449 (195 
J. Cason, H.-R. t C.F. A Org. 22, 1284 (1957) 
Ce boat a ‘ Investigations car Oxfo based orig y on degradation of a mixture of 
higher fatty ac ro 1 lite ) ruc 2 ,4,6-t1 yl-2 
2S aes tetracosenoic acid, to a c d tert ycolypenic acid [ef. D. J. M ind N. Polgar, J. Chey 
ec. and ref cited t the plexity of the mixture of «,/-unsaturated 
| that tl ler of phther it i (cf. ref. 3) 
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only attack a tertiary hydrogen rapidly but also cleave the chain. Although ozone 


has been reported® to react “primarily at the tertiary carbon atoms”, in the present 


investigation the rate of reaction was found to be quite slow, and the vield of cleavage 


products was very small. Oxidation with alkaline permanganate or with sodium 
dichromate in acetic acid appeared insufficiently selective to be of interest; however, 


yxidation with chrom i acid® has proved quite useful, and utilization of 


l acid 


tion of cleavage products renders the method 


ed by Spielman” could be 
as examined. Expected 

Vi. In this oxidation 

to VI s obtained in such 
nection 


iualior 


ic acid 
at the 

ljacent position 
g influence of carboxy! 
ve recorder tracings obtained from gas chroma- 


are illustrated in Fis The two lower curves are 
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TABLE 1. OXIDATION OF 300 mg OF 6-METHYLOCTADECANOIC ACID 


Temp: 60-70 


Time: 2-3 hr 6 moles of CrO, per mole of acid, unless otherwise indicated 


Yield of 


mi of 
Run No Method of CrO, addition 
saat HOAc Neutral 2-Tetradecanone 


(mg) (mg) 


largest secondary bands that 


atoms econdary hydrogen 
onstrated 


atoms 
rom oxidation of acid 


ted, since these products result 


remote from carboxyl 


In trast, 1 etone and dibasic acid ré ting fro leavage in the alternate 


Furthermore, 


position at the tertiar\ rbon were det in a ratio of about 


the vield of diba lis more ntw hi f the monobasic acids. These data 


clearly indicate that carboxy! has a si stabilizing effect against attack by the 


oxidizing agent, and the magnitude of the effect suggests that the protection afforded 


by carboxyl extends beyond the a/; position 
The data in Table 2 show that the protecting effect of carboxyl extends as far as 


the gamma position, at which point it ceases rather abruptly. Yields of 2-tetradecanone 
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chre 
de ge characteristic Ones, Whereas the upper cu shows the 
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ck oe Weight per ce ere ra r ca illy determined tor the four principal 
degradation product d Vil.a ire recorded Dbenea the rmulae 
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9.2 
9.3 
| LOLA! Viecld OT KeLo at acid, res ‘from the two dominant cleavages 
at the tertiary Cardo amounts to ado cent on a Molar Dasis Since there 
are present in the molecule thirty secondary hydrogen atoms and six primary hydrogen 
es from cleavage of the bond to the tertiary carbon on t ee 
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(cf. Table )are a la i(last entry in Table 2) 1s 
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tertiary 4-position is attacked about as rapidly as the double bond; otherwise, the 
yield of ketone could hardly be greater than that from the 2-methyl acid. 


In considering a mechanism for the oxidation, cognizance must be taken, not only 


of the data secured in the present investigation, but also of the considerable evidence 
supporting the thesis’ that oxidations in acid solution are ionic in character and the 
attacking species in such oxidations is positive. In a solution of chromic anhydride 
in acetic acid, the most probable oxidizing species’ is *CrO,H. Since Bartlett et al.* 
have shown that a carbonium ion very rapidly removes a hydride ion from the tertiary 


position in isopentane, the initial step in the presently investigated oxidation may be 


reasonably formulated as follows 


the te: 
observed at 
ion would lead 
smaller amount. Sub 
degradation products 
tion of methy! 

If this proposed 
withdraw 
on the adyjac 
off rapidly 
mental obset 
than those 
gen at the 
been successft 
hydrogen bond 


acid, this 


protected from attack by the oxidizing agent. Since hydrogens in the beta position 
are also relatively inert to oxidative attack, it is suggested that the inductive effect of 
carboxyl is an important factor in stabilizing the positions included in the quasi ring 
Furthermore, the slightly reduced reactivity of hydrogens at the delta position may 
well result from the proximity of this position to carboxyl, in the quasi ring structure. 
L. S. Levitt, J. Org. Chem. 20, 1297 (1955 

* P. D. Bartlett, F. E. Condon and A. Schneider, . me é c. 66, 1531 (1944) 


* J. Cason and G. Sumrell, . rg en ) mith and J. P. McReynolds, J 
Chem. Soc. 61, 1963 (1939) 
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if a double bond is introduced in the «,/-position in a fatty acid, and it has the 


guration, a quasi ring such as indicated in VIII cannot form and the »- 


frans conn 


hydrogen should lose its protection The 2.4-dimethyl-2-docosenoic acid, whose 


degradation dicated le ?. has the srans configuration,'® and it will be noted 


good c Was obta eg on dation, in contrast to the 
amounts of octadecanoic 

1 because the car- 

ould have double 


forms would be the following 


import 


molecular branches are so located 


that a primary degra f uct is a normal dibasic : i with nine or more carbons 


a 
that a relative! 
behavior of the a 
“4 
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a ¢ Al 
CH CH CH CH 
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the 
of aic acid. the 
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TABLE 3. OXIDATIVE DEGRADATION OF HENDECANEDIOIC ACID 


Acid from 


aervradation 


the small amount of! product becomes 
been described a primary degradation product. 


principally succin itaric acids 


further degradati 


The gas chromatogray e acids the 
bands from the 


question tnat these 


degradation or 


uncertainty may usu; 


from the dibasic 


ack 
ratio of the 

Another factor 
products on silicor 


monobasic esters glutarate 
with octanoate lationship 
of ketone to mon 

complicated deer: asic acid, 
nction made by comparison 
of retention times 


from methyl to ethyl esters In cases of 
remaining uncertainty more, chromatography 
on the partitioning agent kt ee eoplex-400 (Geigy) shiits the dibasic esters to 
longer retention times 

Since vigorous oxidation of other aliphat ures leads to acids, it may be 
assumed that the presently investigated method is applicable to degradation of 
branched aliphatic structures containing various functional groups. As a confirmation 
of the utility of the method for degradation of 


f saturated hydrocarbons, oxidation of 
the symmetrically branched alkane, 9,14-dimethyldocosane, C,H,,—-CH(CH,) 
(CH,),—CH(CH,)—C,H,,, was examined 


Major chromatography bands were 
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Position Per cent of 
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glutaric (C.) 28 
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GE Sproducts arising from impurities present in small amounts. This 
+ ne ly be resolved by consideration of the degradation expected 
uh obtained as a major chromatography band, and noting the 
d to the larger satellite bands 
mportance in interpreting gas chromatography of degradation 
rease 1S the coinciden of hands di libasix cfers nd 
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The alkaline solution, from which neutral material had been extracted, was concentrated to 


dryness under reduced pressure and the residual salt was dried at 100° and 10 20 mm pressure for 


about 10 min. To the dry salts was added 10 ml of anhydrous methanol containing 20°, by weight 
i led reflux condenser in a bath at 45-50" for 


of conc H.SO,. This mixture was heated under a water-cooled 

, during which period there was added sree increments a total of 1 ml of acetone dimethy! 
nethoxypropane). The coo a 
of water and neutralized to wit KOH The esters were continuously 


j was placed in a continuous extractor 


acetal (2,2~ 


containing 20 ml! 
extracted with ab 1d the extract was dried and concentrated for chromato- 


aphy as desc 


if 


is probably an advantage use a 
slightly larger rati dizing agent, but no , For 
4.8.12-t } t ino acid ntaining ranche ptible t ve atti the best 


run was one 


inhydride for 16 5 mg of the acid 


accomplished more 


ino! solutlior 


= 
a 
in which there was used 40 mg OF ¢ 
Ss 13 Unless low-bo g esters ¢ expecte s degrada oducts, t extraction 1S 
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FURAN TETRACARBOXYLIC ACID 
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Abstract—Furan tetracarboxylic acid is a surprisingly strong acid. It forms well defined salts with 
a variety of bases. Its structu and that ntermediate in its preparation, is discussed in relation 


to its ultra-violet and infra-red spectr: 


DuRING the course of another investigation in which furan tetracarboxylic acid 
(F.T.C.A., I: R was required as an intermediate, we were attracted to the 


properties of this ac It may conveniently be prepared’* by the bromination of 


ethyl sodiooxaloacetate a tetracarboxylic ester variously described as 


and IV.‘ followed by tr ent of the tetraester with sulphuric acid to give 1 (R Et). 


Of these structures IV 1 e ‘rred sinc le tetraester gives no ferric reaction, 


but it shows strong hydroxyl absorption at 3500 cm ' in the infra-red. Again, the 


tetraester shows strong absorption at 1775 and 1765 cm~™~* which may be attributed to 


unconjugated ester groups, n irising from a conjugated ester and a fairly 
strong maximum at 1650 cm~!. The intensity of the latter maximum is characteristic® 
of the ¢ ( O group. Thus dihydropyran shows a strong maximum at 1650 cm!, 
and compound V° shows a strong maxim a 27 cm~ attributable to the C—C—O 
group. Furthermore tl ‘trae ibsorbs maximally at 2470 A, log e 3-86 in good 
agreement with the maximum absorption o at 2480 A, log ¢ 4:1 
bromine and only decolourizes per- 
irated system in IV, 


1ate. Furthermore a 
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compound of structure IV be expected to be more unstable than ts the case in 
of its $-hydroxyeste! ructure and the stability of the furan 
not be overlooked pending t! 


view 
therefore § structul 
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tetramethyl ester under various conditions 
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en 
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P ta $70 cr Maleic acid d its mono p ssium salt behave similar! 
{ notassiut of F_T.C.A. shows some absorptio! t 2300 cm ni 
potassium eate. Hydrogen bondi a type different ir 
by 1 ret resent the er | potassium lt of | 4 
‘ ul rpt at 
G. Mack ey and O. J. Amer. CI 0,3 1948) 
K. W. Hausser, R. Deutsch, Z. Phys. —, 
2H. M. E. ell. J. D. D L. E. Orgel, J. Che Soc, 
4 


Furan tetracarboxylic acid 303 


hydrogen maleate, which must be attributed to carboxyl. Other strong bands shown 
by the potassium salt of F.T.C.A. are at 1575 cm™~' (CO,~) and at 1556 and 1534 
l in the region of absorption by aromatic type unsaturation. 

Che tetramethyl ester of F.T.C.A. when examined in paraffin shows strong bands 


at 1766, 1747 and 1728 cm~ and a weaker band at 1759 cm~!. These bands can only 
be attributed to the methoxycarbonyl groups. A fairly strong band at 1612 cm™! 


cm 


indicates aromatic type unsaturation, but this band is less intense than the corre- 


sponding band in F.T.C.A. The displacement of this band from around 1610 cm™! 


' in the salt has some significance not obvious to us at 


in ester and acid to 1556 cm 
present 
The considerable hydrogen bonding shown by F.T.C.A. can be best accommodated 
in the symmetrical structure X but models show that the distance shown by the 
broken arrow is too great for hydrogen bond formation. All the other hydrogen 


bonds are capable of formation. F.T.C.A. may therefore exist as XI. Whilst it is 
very likely that the carboxy] group in tl 


position is the strongest of the four and 


therefore will initially form the anion we feel that the most like structure for the 
potassium salt is XII incorporating the suggestion of Cardwell et a/.* Besides being 
the most symmetrical form XII has two “exposed” carbony! groups whic] may be re- 
sponsible for the bands shown by the potassium salt in the infra-red at 1734 and 
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icidified to 


Crystallization from water gave ng needles, m.p. 261° (dec) (Found, wit it drying to constant 
weight, C, 30-5: H, 2-9. E, 103. C,H,O,K. 2H,O requires: C, 30-2; H, 2-2°, E, 106. Found after 
drying at 160° in a vacuum C, 33-4: H, 1-0: K, 13-8. C.H,O,K requires: C, 34-0: H, 1-1: K, 


13-8".) 
wran tetracarboxylic acid. The potassium salt (4 2) was dissolved with 3 g sodium carbonate in 

a 
} 


water (100 cc) and passed throug 


1 a column of Zeo—Karb 225 which was then washed with water. 
Concentration of the eluate in a vacuum gave furan tetracarboxylic acid (3.1 g), m.p 235° (dec), 


which on crystallization gave the acid as rhombs, m.p. 248° (dec) 
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[anion] [H*] is ruled out. The reaction may thus be classed as of mechanism F,cb. 
There are, however, three general ways in which the conjugate anion of a sulphonyl- 
hydrazone might break down, in an initial, rate-determining stage: 
(a) to give an aliphatic diazo-compound, plus sulphinate; 
(b) to give a carbene, plus either nitrogen and sulphinate or an unstable anion 
N N . SC or 
(c) to give an olefine directly, most plausibly via a cyclic transition state im W hich 
a $-hydrogen atom is removed by the departing sulphinate residue 


There is no doubt that mechanism (a) is often followed, as the aliphatic diazo- 


compounds can frequently be isolated. Bamford and Stevens! rejected the view that 


this was always the chosen route as the camphor derivative gave optically active 
camphene, whereas diazocamphane had been stated® to give tricyclene (which might 
decompose to camphene but must then give optically mactive material). We therefore 
chose cyclohexanone and camphor for kinetic study. Route (b) would require, in all 
probability, that the camphor derivative wo ild react faster, because the formation ol 
a carbene should be anchimerically : d.? while ute (c) would imply that the 
camphor derivative. apparently being unable two p-hydrogen atoms to 
form the cyclic transition state { ic reasons. had to employ a different route and 
would thus be slower than the cyclohexanone derivative. In point of fact, the cam- 
phor and cyclohexanone derivat acted at virtually the same rate, and had, within 
experimental error, the same activation e1 s strongly suggests that the rate- 
determining stage precedes that ; h ‘letal rearrangement takes place in the 
camphor derivative; that ts, it ports mechanism (a) even in this case. Accordingly, 
the evidence from product con ition was re-examined, using gas-liquid chroma- 
tography This at once revealed that the product from ¢ amphor was not pure camphene, 
but an 80 : 20 mixture with he other hand, Meerwein and van Emster 
report” the formation, along wit! ne, of a small amount of camphene when 
diazocamphane decomposes. If it could be shown that changing the solvent markedly 
changed the camphene yclene ratios in either reaction, the negative evidence 
against route (a) would be invalidated. As Table | shows, this was readily done. 

In addition, the finding that diazocamphane and camphot methane and p-toluene- 
sulphonylhydrazones gave these products in the same ratio would constitute positive 
evidence for such a mechanism. An attempt was made to use this test, employing 
2-ethoxyethanol as solvent. Diazocamphane was readily obtained from N-nitroso-N- 
carbethoxybornylamine and sodium /-ethoxyethoxide,®’ and allowed to decompose at 
various temperatures 

rhe tricyclene percentage rose with the temperature (Table 2), but it could not be 
raised to that obtained in the very slow reaction at high temperatures from the 
methanesulphonylhydrazone The values attributed to temperatures of 100 and 135 
were in reality representative of lower temperatures, as the rate of decomposition was 
comparable to that of heating; however, in spite of these limitations, we think that 
the results of Table 2 do add useful confirmatory evidence. Under all conditions 
investigated the methane- and toluenesulphonylhydrazones gave identical results. 


#6 H. Meerwein and K. van Emster, Ber. Dtsch. Chem. Ges. 53, 1815 (1920); ®U. Heubaum and W. A 
Noves, J. Amer. Chem. S §2, 5070 (1930) 

7S. Winstein, B. K. Morse, E. Grunwald, H. W. Jones, J. Course, D. Trifan and H. Marshall, J. Amer 
Chem. Soc. 74, 1127 (1952). 
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PRODUCT FROM ¢ AMPHOR SULPHONYLHYDRAZONE DECOMPOSITION 


TABLE | 


Hydrazone Solvent Temperature Tricyclene 


rate 


imitial dec sition 
the two much with 
transition 


and would be expected to proceed faster Actually the reverse is the 
case: but is SO complex, in that in all stages hydrogen-bonded 
species predominate, it predictions would be intrinsically unreliable 


ARIATION OF PRODUC COMPOSITION WITH 


N TEMPERATI OR AZOCAMPHANI 


IN 2-ETH 


he effect of solvent upon product composition is more interesting; generally, 


the formation of camphene is promoted by a high concentration of acidic protons 


(Cram ef a/.* have observed a similar effect on the steric course of aliphatic electro- 
NH-—groups are ineffective in this sense. The 


philic substitution). Apparently 


*—D. J. Cram, Private Communication 
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Ts Glycerol 132 12 
T's Ethylene glyco 124 15 
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simplest explanation 1s t a diazo-compound can decompose either without or with 


acid Catalysis 
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end F. Nerdel, Lic inn. 528, 57 (1937) 
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icetone methanesulphonylhydrazone. Acetone (3 m1) was added to a solution of methanesulphony|- 
hydrazine (2-2 g) in hot water (5 ml). On cooling, acetone methane sulphonylhydrazone (1-8 g, 61°.) 


separated. Recrystallization from ethanol gave needles, m.p. 120 (Found: C, 32:2: H, 6-7 


C,H, N,O,S requires: C, 32-0; H, 6-7°%) 

Titration of an N/100 aqueous solution of the sulphonylhydrazone with N/10 sodium hydroxide 
solution, using a Cambridge pH meter, ga’ he approximate value of pA is 8-5 

Camphor methanesulphe hydrazon the method of Bamford and Stevens,' methane- 
sulphonylhydrazine (6-1 g), camphor (4-4 g) an thanolic hydrochloric acid (25 ml) were heated 
under re min, a cooled, when the sulphonylhydrazone sepal ited (6:3 60°. m Pp 126 ) 
Recry 
OS 

was dissolved 
the sulphony 


>» Wy 104 


ble from 


dgetector was us 


the | itive volatility of di ne ¢ ! at tl lumn t iture used. In either case, it was 


‘ 
3 
ad 
hydrazone separate g, 60".). Recry gave needles, 
44+ H 4 C.H,,N.O.5S req 14:2: H N. 14 ) 4 
Air liga i the sulphonylhydrazone (ca. 0-003 mole) was added to 10 ml 
reage! se specified lution of sodium in ethylene glycol, the 
TYCO! iving Dex ) 1D ol Hun The ction ixtu vas contained In a 
test ib fitted wit! iw ected. via il conde sc to a simple gas 
via buret The re ! vas heated by ) First-order rate constants and activation 
In addit t Tab ; f ving observations were made The rate 
of dec 0S ) ) e-p p 139 1s given by 10 21 sec 
aw N 0-65 N re 0-325 N reagent ing the te remains within 
these whether tl ed t t bsence of added surfac i tube 
nack th p en eact took place t 180 } stin 2 N 
Hvydrazone S 
(KCa Ol) 
+ 
HxMs 4 18 4 
(m™Ms Ethy j < 
2-M 
Abbreviations as ‘tnote to Table 1 
‘ Produ composition wtior The camp suipn yinydrazon 0-O0O15 le) waS mixed 
with a 1-3 N solut 1 ol he specified ), the s been purified b 
aistiiiation over sodiul rhe cuiol xture was Neated D ipour-Ddalh un ren evolution 
ceased After cooling, wate 5 mi) 1 rx 2 ) were added. After shaking, a portion of the 
: pentane layer was w i 1 sub ted i lc tograph By using a solution of : 
silver trate in diethy e glvc y phas cle sep tion was Yained between . 
; ‘ ‘ camphene and tricyclene. | ¥ runs were carried out us katharometer detec but a flame 
10—(12 
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Sulphur compounds in the kerosine boiling range of Middle East distillates 


lhe latter was assumed to consist of tetra-alkylthiophenes together with small amounts 
of aromatic hydrocarbons and oxygenated materials.” The acetoxymercurithiophene 
after crystallization to constant melting point analysed as the monoacetoxy mercuri- 
derivative of a trialkylthiophene. However, analysis of the thiophene itself gave the 
formula C,,H,,S and this together with its high refractive index, my’ 1-5393, sug- 
gested the presence, in the molecule, of a naphthene ring Desulphurization of the 
thiophene was carried out by the normal technique® and the product and the original 
thiophene were examined by mass, infra-red, ultra-violet and proton magnetic 
resonance spectrometry. It was known, from a bromine number determination, that 


the desulphurization product contained an appreciable amount of olefinic material 


and gas-liquid chromatography indicated that this was 50 per cent of the mixture 
Infra-red and proton magnetic resonance spectra demonstrated that the olefin had 
no hydrogen atoms attached to the doubly bonded carbon atoms and the 


order of per cent 


(assuming equal sensitivities for the olefin and the naphthene). Further information 
obtained was the presence of an z-methyl group on the thiophene (/71/e peak at 59), 
one hydrogen atom attached to the thiophene ring (proton magnetic resonance) and 
in indication of pl ce of a gem-dimethy! group (infra-red doublet at 7-22 u 


shoulders at 7-22 uw and 7-32 uw in the infra-red spectrum of the naphthene. which was 
separated from the olefin by the Fluorescent Indicator Adsorption technique.’ 

From all these data it appeared probable that the thiophene possessed a methyl 
group and a vdrogen ato n the ‘-positions and that a nap thene ring with a 


two Ihis problem was resolved by comparison of the dehydrogenation of the 


naphthene with that of model compound en it was shown to behave as a six- 


mb 


ne 


di 


was obtained by 

identification with the naphthene formed on d*esulphurization of |. The synthesis of 
IX was carried out by normal procedurc¢ iro 3, 3-dimethyl-2-carbethoxycyclo- 
hexanone (V)." via 2.3.3-trimethylcvclohexano: (V1), ethyl-2,3.3-trimethylcyclo- 
hexanol (VII) and ethvl-2.3.3-trimethvicvclohex (mixed olefins) (VIII) 

Ihe occurrence of the bicyclic thiophene suggested that a tetrasubstituted analogue 
might be present in the portion not extracted by mercuric acetate solution and this 
was accordingly investigated. Fractionation, by gradient elution chromatography 
on silica gel, gave appreciable separation and a pronounced refractive index peak 
(7;, 1°5600) occurred in the material eluted by a cyclohexane/benzene muxture 


The sulphur content (32 per cent) of the fraction of this refractive index and the m/e 


ratio (172) of a large peak in the mass spectrum suggested the presence of a thienyl 


sulphide. Gas-liquid chromatographic and infra-red spectroscopic data were obtained, 


the former suggested that one component accounted for 70-80 per cent of the fraction 


13 
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ere Up Was Tused In The p-positions, DUL It Was NOt possiDie tO say whethel 
this was a five-membered ring with three methy! substituents or a six-membered w ith 
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Hi thvlbenzene Final proot of the structur (1) which vas now clearly ndg ited 
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but no conclusion could be drawn from the latter. Examination of the desulphuriza- 


tion product by gas-liquid chromatography and mass spectrometry demonstrated 


that it was a mixture of a C, paraffin and olefin possibly 2,3-dimethylpentane or 
3-methylhexane and 2,3-dimethylpentene-!. Since the thienyl sulphide was probably 
tetra-substituted (unreactive toward mercuric acetate solution) the only two feasible 
ents appeared to be methyl 3.4.5-tri- 


u a 


methyl-2-thi st ude net! ?.4.5-trimethyl-3-thieny!l sulphide and 


compound nal uid Sal these 


these we Comparison of the intra red spectra ol these 


compou! ds wit! n |-5600 showed that the compound present 
was II, the only sig ant adsorption present in the spectrum not accounted for by 
this Col be ng attribu ‘ ble to aromatic hydrocarbons 


o followed norma! procedures 


ene 


EXPERIMENTAI 


mass 
hene ring and a 
peak attributable to a proton 


OtON Peaks 


of diethyleneglycol) 

Gas-liquid chromatography 

5 relative to n-octane with a 

ter was shown t the naphthene and the former the 

retention volumes of the separated hydrocarbons (vide 

lumes of 5-6 and 6-6 respectively relative to n-octane 

nary phase at 145 Although the bromine number of an olefin 


105, that of the desulphurization product was 115. The components 


* All melting points are corrected. Some of the analyses were performed by Dr. Ing. A. Schoeller of 


20, Germany 


Kronach/Oberfranken, Bamber 
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of the desulphurization product (1 10 g) were separated by the Fluorescent Indicator Adsorption 


technique’’ modified by continuing the isopropanol elution to displace the bands from the column. 


Four fractions were collected, (1) 0-50 g, colourless material, (2) 0-10 g, an intermediate fraction at 


the junctior th irless and yellow bands of material, (3) 0-42 g, yellow coloured material. 


(4) 0-13 g. an interme t action between (3) and the isopropanol. Fraction (1) was shown by mass 


spectromet be tl hth m/e 154: m/e 152 : 580: 1) and fraction (3) to be the olefin with 


resent (yn/e 152 : m/e 154: 36:1). The results indicate that the 


asma 
| mixture of naphthene and olefin—which must have an anomalous 

*hthene showed large absorption at 7-26 « with 

f a gem-dimethyl group. The fact that no 

he absence 

nfirmed by the ultra- 


led carbon atoms 


tnen stirred 
CXCeSss 


ent of 


yvclohexane (1X) 


thoxycyclohexanone (\ was p red in 23 *r cent yield from mesity] 


69 2,4-dinitrophenylhydrazone m.p 


be 


oxide prey us 


117° (Sten nd Willhalm'* m.p. 116-116°5 The sodium salt of V was reacted with methy! 
iodide by a1 li t f the method of Linstead and Meade to give 

trimethyl-2 thoxycyclohexanone, b.p. 105-114°/0-3 mm, ny 1-4657, retention 

to naphthalene with Apiezon grease N as stationary phase at 197 he 2,4-dinitrophenyl- 
120° (from ethanol) (Found: C, 55-2; H, 6-4; N, 14-1. C,,H.,O,N, 


N 3°,). The semicarbazone had m.p. 185-5-186-5 (from ethanol) 
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